SU TaN ES 


THE MAGAZINE OF 


MEASUREMENT 
ND CONTROL 


Volume 8 APRIL 1935 Number 4 























inciachallallis pha oa eee 
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Where 
can | cut 


Instrumentation 


Will Give You the Answer 


Every man in a manufacturing organization today has his eyes on 
the same ball—a quality finished product priced to sell at a profit. 
Each department, each process, and even each machine is the sub- 
ject of continual study to further this end. Have you taken full 
advantage of the possibilities of Jmstrumentation? 


Complete Instrumentation places in plant management's hands in- 
expensive, entirely efficient control of product, quality and unit cost 
wherever the manufacturing process involves temperature, pressure, 


flow, humidity or liquid level. 


We will welcome an opportunity to discuss this important production 
tool’ with you in terms of the remarkable results already achieved 
in widely varied industries. It is a service offered as a definite and 
necessary part of our business relationship with your own engineer- 
ing and production departments. 


There is no obligation—write today. 
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Are you taking full advan- 
tage of the help that instru- 
ments give you in process 
control? 








Foxboro makes a complete line of 
Instruments for the measurement 
and control of Temperature, Flow, 
Pressure, Level and Humidity, and 
has applied them successfully to 
every type of industrial process. 


Temperature Controllers 

Dial and Recording Thermometers 
Pyrometers 

Flow Meters 

Pressure Gauges and Controllers 
Humidity Recorders and Controllers 
Flow Controllers 

Potentiometers 

Electrically Operated Controllers 
Liquid Level Gauges and Controllers 
Time Cycle Controllers 

Power Plant Instruments 








THE FOXBORO COMPANY 
FOXBORO, MASS., U. S. 


Offices in all principal cities 


COMPLETE INDUSTRIAL INSTRUMENTATION 
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A color-sensitive ‘Electric Eye’ 
ina Bakelite Molded Case 


Are 


same? 


is this blue? 


OoW BLUE 1: 
Hi those two reds the 


These, and a thousand other ques- 


tions about colors, are answered 


instantly and finally by the photo- 


cell of the 


electric Colorimeter. 
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Necessarily the sensitive electrical 
elements of such an instrument as 
this required a sturdy case that 
electrical disturb- 


would exclude 


ances and also protect them from 


chance jolts and knocks. 
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Bakelite 
the 


Molded, 


Colorimeter, 


used for the 


case of provided 
the required high electrical insula- 
tion value, mechanical strength and 


Ba 
Pheu 


also assured permanent lustre and 


durability. se of this material 


color, unharmed by handling. heat 
contact with 
This Bakelite 


will 


or cold, fumes, or 
oils, greases, or acids. 


Molded ( ‘olorimeter 


tain its new appearance for the life 


Case re- 
of the instrument. 
the field ot 


precision instruments Bakelite Ma- 


Throughout whole 
terials—molded, laminated. and var- 
valuable 
combination 


thes 


nish—are rendering a 


The 


service, unusual 


of ,? which posse ss. 
including dielectric and mechanical 
strencth, chemical 

ature and atmospheric 


to their adoption for numerous pur- 


stability. resist- 
ancet ytemper 
variations, and durability. have 
poses in the manufacture of record- 
ing, indicating, testing, and scientific 
instruments. 

So that you may be fully informed 
Bakelite Materials 


possibilities for your own produ ts. 


about and thei 
we Invite you to consult us. and also 
to write for these helpful illustrated 
booklets—37 MVM." Bakelite Molded” 


» Bakelite Laminated” and 37V. 
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¥® 

Photo shou Colorimeters with Bakelite 
Volded cases. Invented by i ko Reynold 
and a product of MARU Laboratori 
Dowagiac Vich 

15 kast Ohio Street, Chicago, III 
treet, Toronto Ontario ( nada 
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nsist on THIS Instrument 


for Your NEW 
SWITCHBOARD 


You'll get exclusive G-E fea- 
tures that make for quick and 
accurate reading and superior 
performance 

G-E Type AD-6 ammeter 








HECK over some of the features that you 


like in an instrument. Then see if it is not to 


your advantage to specify this G-E rectangular instrument problems. You can reach him throug! 

: nearest G-E sales office. 

instrument on the next switchboard that you order. 
Any Instrument You Need 

Quick and Accurate Reading This line is exceptionally complete and includes all inst 

Several exclusive G-E features make this instrument un- ments that are required for switchboard applications. F ‘ 

usually easy to read. And accurately too! prices and complete information, see Bulletin GEA-1758 / > 
Address the nearest G-E sales office or General Elect 

One is antiglare glass. With it there are no reflections, no Department 6V-201, Schenectady, N. Y. ~ 


glare, no eyestrain. You can always see through this glass. 


Another is the antiparallax scale and pointer — illustrated 


in the small picture. 


These two features enable you to read an instrument 
accurately from practically every angle. 


Superior Performance 





You'll want accuracy, of course. In the G-E instrument, to th 
the accuracy is within 1.0 per cent of full-scale value. stead) 
tial fe 
But what you’ll like even better is the fact that this ac- Ires | 
curacy will remain constant even after years of service. or th 
The reasons: magnetic damping, high torque, high factor tion, ’ 
of merit, and general all-round sturdy construction. Ask What | 
for details about these important points. They assure Flo 
long-time, care-free performance. . . densit 

ee . ANTIPARALLAX FEATURES. Note the size and Ref 
ven) 
‘ rounded shape of the pointer, and that it is in the same p/ane wales 

Other Features You'll Like : mer 
7 as the scale markings. Note, too, the size of the div f ture ¢ 

There are many other features about these instruments r , we 52° | 
: . lines. s s k ossible to see clearly ¢ vs F 

that we know you will like, and a G-E instrument spe- set aac hese features make it possible ¢ , trol d 
cialist would appreciate the opportunity to tell you about position of the pointer, and to read the instrument qui B * 
ACK 

them. He may also be able to help you on some of your and accurately, even from a distance. ta 
) \ 
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AN OIL COMPANY in the midcon- 
LA tinent added a Fractionating Unit 
to their refinery. Good control with 
steady throttling valve action was essen- 
tial for flows, temperatures, and pres 
sures... and there is one best sensitivity 
(or throttling range) for each applica- 
tion. The composite chart above shows 
what was required, 

_ Flow control on the feed demanded 
Sensitivity F (10” water differential). 
Reflux Flow needed Sensitivity F (10” 
water differential). Reboiler Tempera- 
ture control called for Sensitivity H (or 
52° F.). Top Tower Temperature con- 
trol demanded Sensitivity H (or 45° F.). 
Back pressure controls needed Sensi- 
tivity A (or less than one pound). 

The different sensitivity (or throttling 
range) necessary for each operation was 
obtained by turning the “Universal Sen- 
sitivity Adjuster” of the Taylor ‘Ful- 
scope” Controller to the proper point 


indicated on the dial by the letters. The 


FRACTIONATING UNITS 


“Taylor “FULSCOPE” 


REBOILER 


SENSITIVITY “H 


RECORDING 


COMPOSITE 
CHART 


operator used a screw-driver while the 
instrument was in action. No delays. No 
uncertainty. Instant adjustment. And 
straight line control that amazed the 
company’s engineers. 

Here is just one example of the way 
the new Taylor “Fulscope’’ meets your 
needs. Previously, controllers did not 
have a low enough or high enough sen- 
sitivity. “Fulscope” has the wide range 
from high to low that vou need for tem 
perature, pressure or rate of flow control. 

Let us show you how the Taylor 
“Fulscope” can be used to simplify and 
answer your control problems. For this 
help, address Taylor Instrument Com 
panies, Rochester, N. Y.; Tulsa, Okla 
homa; Los Angeles, California; San Fran- 
cisco, California; or Toronto, Canada. 
Manufacturers in England—Short & 
Mason, Ltd., London. 









REQUIRE DIFFERENT CONTROLLER SENSITIVITIES 
for temperature ...pressure...and flow... 


EASY TO GET THEM WITH A 








omposite chart made up sections from | 

I hich individually recorded controlot temp 
ire and flow by the Taylor “Fulscop« Ni 

erent sensitivities (as shown by shaded 

demanded and the way the bulseope Cont 

maintained straight-line control in each situation 
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TEMPERATURE, PRESSURE and 
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COMPARE IT WITH ANY MACHINE OF PROVED 


DEPENDABILITY 


NDUSTRY would be lost without the machines it ‘takes for granted''—gruelling 
tests have proved their dependability in design and construction. 


Whether you operate an oil refinery, a steel, glass, ceramic or chemical plant—if 
dependable performance determines your equipment purchasing policy, then the 
Brown Potentiometer Pyrometer compares with any machine in your plant that has 
proved its Dependability, Ruggqedness, and Low Maintenance. 


For the measurement and control of temperatures, the Brown Potentiometer Pyrome- 
ter is to the man who works with heat what the calculating machine is to the 
accountant, the cash register to the merchant, the micrometer measuring machine 
to the machinist, all dependable precision machines. 


Heavier, stronger working parts give Brown Potentiometer Pyrometers that built-in 
endurance required for industrial service. For Indicating, Recording and Controlling 
temperatures—you can rely on their precision—be confident of their dependability. 


WRITE FOR CATALOG No. 1101 
THE BROWN INSTRUMENT COMPANY 


Allied with Minneapolss-Honeywell Regulator Co. 
4482 Wayne Avenue Branct t Philade!phia, Pa 


Canadian Factory: 117 Peter St., Toronto, Ont., Can. 


BROWN POTENTIOMETER PYROMETER 





: Brings Laboratory Accuracy to Industry 
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Type PY -5 Double-Range } oltmeter for 
4-C. Service. Case Size: 7'4" «x 8"x 4". 
This instrument typifies the Types PY-5 


and PX-5 lines 


uick, Reliahle Lesting SAVES MONEY ¥ 


* 


WESTINGHOUSE 
PORTABLE INSTRUMENTS INCLUDE 


Microammeters 

Milliammeters, Single & Double-Range 
Ammeters, Single & Double-Range 

R. F. Milliammeters & Ammeters 
Rectox Microamméters & Milliammeters 
Millivoltmeters, Single & Double-Range 
Voltmeters, Single to Six-Range 

Rectox & Electrolysis Voltmeters 
Volt-Ammeters, Single to Triple-Range 
Wattmeters & Gal t 














Information 


Westinghouse Electric & Manufacturing Company 











Room 2-N East Pittsburgh, Pa. 
C.S. 43-105—Type PY-5 A-C. Portable Instruments 
C.S. 43-110-—Type PY-4 A-C. Portable Instruments 
C.S. 43-120—Type PX-5 D-C. Portable Instruments 
C.S. 43-125—Type PX-4 D-C. Portable Instruments 
Name 
Company 
Address R-57009 
| 4-35 
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ment on 


Type PX-4 Six-Range Volt-Am- f inter 
meter for D-C.. Service. Case 
Size: 414" x 414"x 2". All PX-4, 
PY-4 Instruments are similar. 
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Portable Instruments need (@) Quality .. 


recent 


you will find these NEW Westinghouse 


Models the last word im .......eee-.-. 


Aceuracey—Proper heat treatment and aging of the 
permanent magnets, sturdy coil construction, highly 
polished hard-steel pivots made by a new process, and 
genuine sapphire bearing jewels make these movements 
the most reliable that can be obtained. 


r . . book, t] 
Durability —All Westinghouse portable instru- propria 
ments are enclosed in strong, durable Moldarta that nd 44 


itchb 


tributes 


will not warp or split with age. 
Ease of Reading—Long scales; knife-edged 
pointers in conjunction with highly-polished mir 
rors; and clear-cut, jet-black scale markings 0 
pure white dials assure easy reading. 

bd Compar 

For complete information about Westinghouse po! nother 
ables, phone our nearest office or send the coupor neates 


Westinghouse = 











EDITORIAL COMMENT 








In This Issue 66 9 ; ”9 
\ by-line appears under the title of In ‘Time QO) Peace eo? 


‘his month’s leading article. It really 
hould be part of the title, thus: “How 
\vorepe Records ARE CERTIFIED BY 


, 


w. G. Bromeacuer.” Such indeed is the 


case —at least for record flights made in 
the United States. But Dr. Brombacher 
tells much more: even the footnotes un- 
der some of his tables summarize epics 
of aerial glory, frustration and = stark 


tragedy. (Pages 86-87 and 103.) 


Synchronizing involves some of the 
noel baffing problems in electrical and 
mechanical engineering and in metal- 
lurgv. W. A. Holland tells how Instru- 
mentation solved some of these prob- 
lems. (Page 88.) 


Thanks to Perry Borden’s years of ex- 
perience with the Ontario Hydroelectric 
Power Commission, this month’s instal 
ment on electricity meters contains data 
of interest to industrial users of electric 
power, including 17 connection diagrams 

ide up especially for them. (The last 
illustration on page 96, by the way, 
shows a meter which has just been placed 
on the American market.) 


{nd a quarter-century of electric 
metering experience underlies C.  H. 
Thayer's article on testing for phase ro 
tation. Page 98. 


In his masterly history of testing ma 
chines, pages 99-102, C. H. Gibbons 
brings us this month to the modern types 
vith their indicating gages. 


Don’t fail to read the discussions of 
recent articles (“True Direction” and 
“scale Distribution”) on page 102. 


In the New Instruments Department 
there are reported two new types of de 
vices. See if you can spot both! 


The Front Covers 


In connection with this month’s chap- 
ter of our electrical measurements hand- 
hook, the front cover photograph is ap- 
propriate, for there are 88 single-phase 
ind 44 polyphase meters on this GE 
switchboard, whence 16,000 h.p. are dis 
tributed by the Southern Kraft Corp. for 
running a 400-ton pulp mill as well as 
supplying light and power to the city 
f Panama City, Florida. 


. lhe Inspection and Testing title page 
Shows an inspector at Taylor Instrument 
Companies calling out the corrections to 
‘nother operator who fills out the certi- 
— accompanying high-grade fever 
iermometers. Each tube is read six 
times in this manner, though in many 
we are informed, the correction is 
ound to be zero, 


CaSes, 





INCE Hitler upset the European apple-cart a few weeks ago by 

tearing up another “scrap of paper” which Germany had signed, 

the world is sitting on an H-E shell—a TNT shell with its per 
cussion fuse armed. 

We grant that Divine providence has given us the Atlantic and 
Pacific. We grant that Canadians are our blood-brothers and that our 
southern frontier has been made safe since 1916. We grant that the 
danger of our being suddenly invaded need rob of sleep only those 
weaklings whom the Hearst and MacFadden tablopiates have robbed 
of thought. We go even further and divulge a fact unreported in the 
papers up to the time of writing (Army Day—April 6); that Hitler's 
“conscript army'’—the large one forbidden by the Versailles Treaty 
if mobilized before 1936 would be more of a mob than an army. 


| Let it be made plain, moreover, that your editor hates war. He hates war 
not with the stomach-turning horror of a squeamish “intellectual” who faints 
at the thought of blood, but with the calm determination he shares with all 
other thoughtful veterans of the AEF. Because of his implacable hatred of 
war he devotes much of his time to preparing against it, and to preaching 
Industrial Preparedness. | 


Convinced that Instruments readers love the United States, we think 
it timely, in view of war threats in Europe and in view of pending 
legislation in Washington, to devote this column to solemn reminders: 


1. When war breaks out among Great Powers we shall be drawn in 
2. War is likely to break out soon in Europe, Africa and the Far 


East. 


3. Modern warfare is mechanistic. It no longer is a battle between 
armies and fleets but it is a struggle in which each side strives to utilize 


the codrdinated power of every individual and every material resource. 


be requires a minimum of eighteen months for a nation whose 
engineers, industrial executives, scientists and research workers are 
untrained for their parts in an emergency, to mobilize its resources 


against aggression. 


5. In less than eighteen months such a nation can be invaded, cde 
cisively conquered and brought to a shameful end. 


6. In the First World War, America was forced to extem porice 
methods of directing the industrial effort. Section 5a of the National 
Defense Act of 1920 now charges The Assistant Secretary of War 
with supervising the procurement of all military supplies and with 
providing for the mobilization of matériel and of industrial organiza 
tions essential to war-time needs. 


7. This huge task cannot be accomplished by the office of The Assis 
tant Secretary without greater support from all industries. Up to now, 
relatively few manufacturers have assembled the fixtures, gages and 
other facilities required for changeover; few have devoted sufficient 
time or encouraged their engineers to devote sufficient time to industrial 
preparedness. 

8. By the time this is printed, a “war-profit’” law will probably 
have been enacted. From new on, therefore, it will require the purest 
and most self-sacrificing patriotism for industrial technicians and 
executives to prepare to serve America—at their own expense! This 
is precisely what we earnestly urge you to do! Get in touch with the 
nearest Army or Navy technical district office; fill out a list of vour 
qualifications; enroll; and start training! 


9. If you prefer joining a munitions preparedness movement without 
having to enroll in the Army or Navy Reserves, join the Army 
Ordnance Association (Mills Bldg., Washington, D. C.). 

M. F. Benar 


P. S. We practice what we preach. When this is printed we shall be 
| | 


of active service (our ninth 
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Apparatus for testing barographs at the National 








“Official”? barograph installed on the stratosphere balloon which recorded 


Bureau of Standards. The pressure chamber in the air pressure during the world’s record stratosphere flight made by Lt. Com, WH] 

which the barograph is installed is shown inside of Settle, U.S.N., and Major Fordney, U.S.A., on November 20, 1933. The 

the temperature chamber. The standard altitude instrument, made by J. P. Friez and Sons, Inc., is of the double-traverse type, FR 
barometer is at the extreme right. E. L. Borlik is Note the bimetal type instrument temperature recording element, T, added “On rf 
shown operating the vacuum control. by the National Bureau of Standards. : 4 


How Altitude Records are Certified 


By W. G. BROMBACHER* 


an international record for altitude in air 


flights it is now 


N making 


plane and balloon necessary to 


secure in flight only a record of the air pressure 


igainst time. The lowest pressure attained is converted 
to altitude by means of the altitude-pressure 
of the Fédération Aéronautique Internationale (FAI 


standard atmosphere, which has been adopted interna 


relation 


tionally for such use. This relation is as follows: 
760 


, I 


Z (A KF K.P>) log 
air pressure 
K 


where Z is the altitude in meters; P is the 
in millimeters of mercury at the highest altitude ; 
15320; A 8.65; and K 0.0055. Altitudes in th 


itmosphere for various pressures are given in Table I. 
together with corresponding altitudes in the United 


States Standard Atmosphere. 

For high altitude flights a double-traverse barograph 
is generally used in this country to secure a record of 
ir pressure against time. The trace is made by a sty lus 
operating on a smoked chart of paper or aluminum sheet. 
Many of the barographs used contain a bimetallic ele 
ment for recording the instrument temperature in orde 
to afford data for eliminating the effect of temperaturs 
ipon the readings of the instrument. 

In this country the barograph is t d at the National 
Bureau of Standards at the request of the governing 
body, the National Aeronautic Association. The proc 
dure consists essentially in subjecting the barograph to 


Chiet \ mma I ts Sectio N 1 ] ( 5 
Washingt DD. ¢ 
Substar ot pay sente it Tl Annual Meeting of the I 
tute ¢ the \ cal Sciences, Jar ary 3 Publicatior 1 
prov by tl Institute and by tl Direct of t National Bureau of 
Sy } 
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a flight history test, during which the conditi 
flight as to instrument temperature and rate of 
of air pressure are reproduced. The lowest pn 
indicated by the barograph is measured by a n 


barometer of the altitude type, or, if bevond t! 


TABLE I—STANDARD ATMOSPHERI 
ALTITUDE-PRESSURE TABLE 
Pressure F.A.I U.S. I 
im. He Feet Feet 
760 0 0) 
100 16371 16713 
300 23071 23506 
P20) 32014 326010 
100 16614 17156 
OO ISS0O2 19362 
50 61027 61669 
LO 65689 66341 
30) 71726 72365 
20) - 80854 
of the barometer, by means of a mercurial 


and cathetometer. The air pressure ind cated 
barograph at the time of take-off is also det 
and—when such data are available—is compa 
the air pressure at the ground level measured 
curial barometer by the Weather Bureau. This | 
a valuable check upon the trustworthiness of 
graph. 

Details of record-breaking flights, and of tho 
wise of interest, are given in Tables II, III. I‘ 
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\. Macready 
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\.M wready 
€.C. Champion 
st. C. Street anc 
\. W. Stevens 
\. Soucek 
W. Neuenhofen 
\. Souce K 
C. F. Unwins 
G. Lemoine 
R. Donati 
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feet. 


The F.A.U. in principle has recently adopted for com 
parison the actual altitude as determined by the baro 
metric formula. The details of making the necessary 
fight and ground measurements and testing of the instru 
ments have been agreed upon and the new method is to 
go into effect on July 1, 1935. The following observa 
tions will have to be obtained: (a) air pressure at high 
est altitude, (6) air pressure at ground level, (c) air 
temperature from ground to highest altitude and (d) th 
elevation above sea level of the point at which the air 
pressure at the ground is measured. Data (a) and (c) 
must be recorded in flight, for which the instruments now 
commonly used in aerological flights are available. In 
order to secure accurate data a particular method of 


nstallation is required, 


TABLE II—AIRPLANE FLIGHTS 
TO HIGHEST ALTITUDE 


Lowest Corre 
Pres sponding 
Pilot Country Date sure F.A.1. Alti 
mmHg tude Feet 
Sept. 28, 1921 178 34563 
Oct. 30, 1923 161.5 36555 
Jan. 29, 1926 146 B8T04 
July 25, 1927 147. 38491 


\. Macready U.S. 
S.Lecointe France 
\. Macready U.S. 

C. ( Champion U.S. 
ot. C. Street and 

\.W. Stevens U.S. Oct. 10, 1928 152 378541 
\. Soucek i. &. May 8, 1929 143 39140 
W. Neuenhofen Germany May 25, 1929 126 41794 
\. Soucek U.S. June 4, 1930 118 13166 
C. F. Unwins England Sept. 16, 1932 113.! 

uD Lemoine France Sept. 28, 1933 109 

R. Donat italy Apr. 11, 1934 96.5 


etric formula from pressure and temperature 
y camera method, 39250 feet 


Nov £8, 1/734 


| \ D-U 


Facsimile of flight trace which—certified by Dr. Brombacher 
constitutes proof of the present world record: the barograph chart 
of the Settle-Fordney “stratosphere hop” on November 20, 1933. 
In this historic flight trace S indicates the start of the air pres- 
sure record. Following the arrows in numerical order leads to 
H—the record at the highest altitude—and then to L—the point 
indicating the landing. The barograph being of the double- 
traverse type, its trace changes from “up” to “down” at a pres- 
sure corresponding to about four miles, and reverses again on 
passing this point during the descent. The trace made by the in 
strument temperature recorder is indicated by T. 


The most important feature of this change is— the 


abandonment of a standard atmosphere for comparing 
the highest altitudes attained by aircraft. It is commonly 
accepted that a comparison of th performance of air 
planes depends on the air pressure and air temperature 
at the flight level. These two numerical values are used 
to obtain the performance at an altitude in a standard 
atmosphere. Various methods of reduction are used upon 
which considerable difference of opinion prevails. Ther: 
is, however, general agreement that the true altitude 


attained by the airplane is in general not a true measure 


of its high altitude performance. This fact becomes ob 


vious when it is remembered that the actual or absolute 
altitude depends not only upon the temperature at the 


Continued on page 103 


TABLE II—SEAPLANE FLIGHTS 
TO HIGHEST ALTITUDE 


Corre 
ponding 
Date sure F.A.1. Alti 
mm.le tude Feet 
S. Lecointe France Mar. 11, 1924 225 29462 
V. Demougeot France Mar. 28, 1927 215 30479 
C.C. Champion U.S. July 4, 1927 151 37995 
\. Soucek U.S June 4, 1929 147 38560 


Pilot Country 
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A New Method of Automatic Synchronizin» 


By W. A 


N both line synchronizing and machine synchroniz- 
ing, the application of complete automaticity re- 
quires a system which is insensitive to differences 
voltages and which has proportional 
angles of advance. By this latter term is meant the 
angle ahead of zero phase displacement at 
breaker. This 
angle should be proportional to the rate of motion of 
the synchroscope pointer, so that a definite time (equal 
to the breaker closing time) the 
closing indication and the instant of zero phase displace 


between source 
variable 
which the device operates to close the 


will elapse between 


ment (exact instant of synchronism 
Some of the earlier methods suffered from errors due 
to differences of the source voltages; some would give 


. HOLLAND* 


The other voltage operates a differential relay ) 
definite time (equal to the breaker closing tin 
vance of synchronism. If the relay C 
enough before relay D. the significance is that 
quency difference is not excessive, and a main 
relay F acts (when D operates) to give the breaker, 
ing indication. If relay D operates ahead of re C4 
significance is that the frequency difference is . 
and an auxiliary relay E drops its contacts op. 
the breaker closing indication cannot be given 

A compensated amplifier is interposed between r, 
D (which has two coils, one for each tube) and ¢} 
tage which controls it. A component of this 
provided by a circuit which compensates for differc 


operat 








satisfactory operation on gradually decreasing fre- between the two source voltages so that the defi: 
quency differences but were not well adapted to use of advance of relay D is not seriously affected 
with erratic frequency difference such as is found in balanced voltages. 
some low head hydro-electric installa- 
tions. Some automatic synchronizers of 
he earlier tv erated -ector dif- *250 VOLTS D-C---¢ 
the earlier type operated on vector di x 
= - . aa 4 
ferences alone and, therefore, were sen- +|25 VOLTS D-C ---}———e EXTERNAL CONTROLLING 
eee . 7 Be eee ned eee : a y CONTACT 
sitive to voltage differences at smal] = = ees eY 
; rr eS eee eee ee .2—————_ Tt 1- 
values of frequency difference. Th 4 Re 1A 1 
= Us f 4 qv a F 
2D | =D f-s 
- 2 2 ee 
— me = TAD 2A 2B 2E 2F 
COMPENSA NG REAC OR re _— r ? ? sa 
u = wow rn = = 
COMPENSATING es Exm\te B 78 
RECTIFIERS 7} ) wee cn eg *« 
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PH. t° 5 — S —- 
a a ° 
« »- ag 2 Lo 
BUS 3 y 7 RIPPLE FILTER 5S yc C 
Ww -_ ss 2 + 
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—~ - ss , y 
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PH. 2- a pI Iv UU 
¢ s a * ee > or 
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“ y xy ey | Hrsg or . : ee ae 
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« a " 
PH.! ae ta deel eel = sulating transformers (show 
‘ ae Pee OS RES) = - 
$ nr ADVANCE ADJUSTING RHEOSTAT the —— left) are conn 
MACHINE respective v to the secondary sid 
ne nee OC —-. COMPENSATION ADJ TING RHEOSTAT . ee > : 
VOLTAGE ¢ y* : > eats : of the potential transformers 
« - 1 
% 3 nected one to the bus voltag: 
PH Deo — 1 
& A . the other to the machine voltag 
on ANSFOR raf automatic svnchro- The secondaries of these insulating transformers 
~ . ~ Jt v cre ~ o 


nizing relay herein dis- 
cussed is compensated for 
voltage differences, and gives 
breaker closing indication at an angle that is pro- 
portional within 5° for angles in a range of 45° each 
size of zero phase displacement, and for frequency dif- 
ferences up to one-half of 1% of normal. An element is 
included to prevent the closing indication being given at 
greater angles or frequency differences. 


the 


This comple te system consists of 

1) a network whicl a d-c. voltage that 
» instant that the closing indication should be given: 

) athermionic tube amplifier controlled by this voltage; and 
a group of interlocking and auxiliary relays. 


produces reverses 


The operating principles can be understood best by 
reference to the elementary diagram herewith. Briefly. 
the network at the left of the center, consisting of: in- 
sulating transformers, compensating reactor, resistors, 
and rectifiers, with an advance transformer, produces 
two voltages. One of these voltages drops out a checking 
relay C at a definite angle in advance of synchronism. 


*Gentral Electric Co., Philadelphia, Pa 
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connected in opposition so that the resultant is 
when the two source voltages are equa] and in p! 
and is a maximum (about 115 volts) when they ar 

out of phase. 

This resultant voltage is fed through a compensat: 
reactor to a phasing rectifier. The d.-c. voltage th 
tained is applied directly to the coil of relay C. 

This d.-c. voltage consists of three components. as! 
lows: 

(1) “Phasing” voltage, proportional to phase ang! 
voltages. 

(2) “Advance” voltage, proportional to frequency differe 
in the operating zone. 

(3) “Compensating” 
of source voltages. 


+ 


voltage, proportional to th 


The phasing voltage is taken from the sam 


that supplies relay C, but is drawn from a potentiome’ 


circuit for purposes of adjustment. This circu'' 


of a resistor, the advance adjusting rheostat see ©" 


gram) and the primary of the “advance tra! 
The phasing voltage is that measured from 
tap of the d.-c. voltage down to the tap on the 


(Continued 
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PART TWO 
By PERRY A. BORDEN? and M. F. BEHAR** 



























12. Multiple-element Meters 

In order to make possible the metering of power on all classes of circuits 
provided watthour meters with a great variety of internal comb: 
and connections. The three-wire meter has already been mentioned 
the head of commutating meters. It is among meters for polyphase 
y current systems, however, that the combining of elements has been 
to the greatest extent. Under Blondel’s law, that a polyphase circuit 
onductors may be completely metered by an instrument having n — | 
coils, the two-element meter 1s universally used for three-wire three 
circuits, its two elements being mounted on a common spindle, as in 
20. Here each element includes the essentials of a complete meter, the 
- elements and the brake magnets being practically identical with those 
the single-element meters described above. The two disks rotating 


Fig. 42-20 (Westinghouse) 
Fig. 42-21 (GE) 











on a common shaft drive a single register, so that the registration 
presents the summation of the watt values measured in the two elements 
In the metering of four-wire loads, conditions are sometimes such as to render 
lesirable the use of a three-element watthour meter rather than an intercon 
ction of current transformers or a two-element meter, as discussed in a 
previous article.* Such a three-element meter is shown in Fig. 42-21, the three 
lisks being mourited on a long vertical shaft. This type of meter, while nece 

sarily somewhat more fragile than the two-element form, renders possible a 
high degree of accuracy in metering loads where both current and potential 
may be unbalanced. 

An early form of induction meter made by the General Electric Company, 
known as the “Thomson High Torque” meter, was built in a polyphase form 
having two driving elements, as well as the drag magnets, acting on a single 
disk. This compact form of meter was superseded by the conventional type 
having two disks on a single shaft. The single-disk form, however, is produced 
n England by the Ferranti Company, and is available not only in a two 
lement type but in a model having three independent driving elements, as 
vell as the drag magnets, acting on a single disk. A plan view of this meter 
s shown in Fig. 42-22. The use of a composite disk with a center portion of 
lass and outer rim of aluminum makes it possible to have all the elements 


tin 


cting on the one disk, and at the same time minimize the interference among 
elements, 
In those meters where a sifgle rotating member is driven by the joint action 
two or more motor elements failure of one of the driving elements might 


nstruments, June 1934, page 121. Figs. 34-27 and 34-28 and explanatory material 


*Fourteenth chapter (XLII) of Part Seven (Handbook of Industrial Electrical Measurements 
and Control) of Béhar’s Manual of Instrumentation. See editorial announcement of this series on 
page A7 of November 1933 Instruments. A complete chapter of this new handbook is pub 
lished in each issue of Instruments throughout 1934 and 1935. Each chapter is subjected to a 
final revision, and then set in type, shortly before its appearance in this serial form, in order to 
assure that the subject matter is thoroughly up-to-date. This new book is not published serially in 
any other periodical. Entire contents copyright. To be issued in book form on or about Jan. 1, 1936 
A.L.E.E. **Editor, Instruments 





A COMPLETE SERVICE TO INDUSTRY— 


Metering, Controlling and Regulating 
Equipment 


—METERS— 


BOILER METERS for recording 
combustion conditions and guiding 


boiler operators. 


RATIO METERS for measuring fuel 
and air to furnaces to guide combustion. 


FLOW METERS for indicating, re- 


cording and in- 
tegrating the flow 
of steam, water, 
sewage, air, gas 
and other fluids. 


RECORDERS for 
temperature, 
pressure, draft, 
speed and other 
factors. 





Fluid Meter 


—CONTROLS— 
COMBUSTION control to main- 





Control Panel 





tain steam pres- 
sure and com- 
bustion economy. 


SYSTEMS to 
regulate pump 
speed, reheat 
temperature, de- 
superheat and 
other factors. 


CONTROLLERS for 
rate of flow,pres- 
sure, temperature 
and other factors. 


—REGULATORS— 


FEED WATER regula- 
tors for feed water 
to steam boilers. 


PRESSURE regula- 
tors for heating and 
process services. 


DRAFT regulators 
to maintain the de- 
sired draft in fur- 
naces, kilns and 
small steam boilers. 


Complete information on 
any of the above Bailey 











Regulating Valve 


products will be gladly furnished upon request. 


BAILEY METER CO. 


1041 IVANHOE ROAD @ CLEVELAND, OHIO 
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Self-Synchronizing Motor —_< 
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not be apparent on inspection, with the result that the meter would >d ina 





to operate and would give a registration for whose error it would | the diagram 

to provide correction, Experience has shown that the only part of an 1 nndern Am 

meter which is in any way likely to fail in service is the potential sy ye 
As Remote Indicating medi- this may give out because of either an open circuit in the fine wire wi 


. : . of “oO We ] “ 1O ve ‘ sTor Ts : his 1 a several 
ums in connection with... f trouble in the voltage transformers. With this in view several 





turers equip their polyphase meters with a signaling device to prov 
TEMPERATURE tive indication of failure of the potential coil. In some forms ea 
ies potential systems carries a small secondary winding which energiz 
| ture lamp distinctly visible from the outside of the meter; and so lor 
lamp is burning it is known that the corresponding potential coil is t 
normally. In other makes of meters a magnetic vane or “flag” swit 
potential field; and failure of this field produces a distinctly visible 11 
The Sangamo horizontal polyphase meter, Fig. 42-23 combines t 
phase elements side-by-side in a single case, the algebraic sum of tl 
trations being obtained by a differential train interposed between 
pendent disks and the register. This type of meter is inherently fre 
of the errors experienced in single-shaft polyphase meters, and the ind 
action of the elements facilitates accurate adjustment. When inst 
balanced polyphase circuits the power factor of the load may be det 














I ooenieeenendanananeenmamenemamte 
Fig. 42-26. Ty 
three-phase, 
self-contained. 


at any time by comparing the speeds of the disks and applying th 
or curves in the July 1934 article of this series. As a matter of 


the makers of this type of meter provide a copy of a power factor 
he cover of the terminal chamber. A similar combination of two wi! 


PRESSURE... 


ti 
elements is used for measurement on direct-current and single-p] 


Wire circuits 
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Remote Indications are desired. ; : 
Fig 
. erates 32 volts . —_ , R 
Operates 32 volts A. C., 60 cycles, LINE E L thre: 

7% > em rs 

single phase ¢ Two or three Indica- ; » saaee 
tors may be operated from a single —— — — ae 14, Polyph 
transmitter © Write for data. 4 Lowe) — The most | 

















igs, 43 26 te 
this group of 


ne type of 


Fig. 42-24. Standard Connections, Single-phase meters 


PIONEER INSTRUMENTS A, B, C—Single-phase, 2 wire circuits 2-wire meters: (A) Standard con 


neters up to 50 amperes and 575 volts; (B) Current transformer for 


> ee > 7 -c- fe . . . Pa es 
Pioneer Instrument Company Incorporated to 575 volts; (C) Current and voltage transformers for both >50 amp. & wire sys 
BROOKLY N, NEW YORK D, E. I Single-phase, S-WIiTeé circuits (D) Standard connection tor WwW! ne a grou 
to 50 amperes, 115-230 volts; (E) S-ampere, 230-volt, 2-wire meter used wit r load. ] 
~ . . | pe ~ > e Ci 1 
A Subsidiary of the Bendix Aviation Corporation | current transformer for 50 to 400 amp., 1 15-230 volts: (F) 5-ampere, 230 : ag, 


meter with two 2-wire current transformers for >400 amp., 115-230 volts met 
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13, Meter Connections—D.-C. and Single-phase A.-C. 


connections of watthour meters to the circuits under measurement are 
illy the same as those of wattmeters, and practically all the wattmeter 
ms shown in the June 1934 article may be applied. Indicating and re 
wattmeters, however, are largely supplied in low current ratings, and 
ads beyond their capacities are used with shunts or instrument trans 
ers, as the case may be. In the design of watthour meters, on the other 
|. every effort is made to simplify the external wiring; and the large 
ouanber of meters made justifies the cost of their standardization in a wide 
variety of self-connected ratings. Most manufacturers are prepared to furnish 
ir standard self-connected lines meters having a.-c. 


. th ratings as hi 
in their s . > 
imperes and 600 volts. For d.-c. service, meters rated as high as 1.500 
(including external resistor) and 6,000 amperes may be obtained. 
Coéperation among manufacturers, utilities and supervisory bodies has re 
sulted in a high degree of standardization in terminal arrangements, so that 
‘ ve . N F ™ 7,9 1] 
the diagrams shown in Fig. all 


1 
} 


,as 3 


2-24 may be taken as typical 
‘ 1 
jlern American makes of single-phase watthour meters 
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Fig. 42-26. Two-phase or Fig. 42-27. Four-wire, Fig. 42-28. Four-wire, 









































three-phase, thr e e-wire, three-phase, two-element, three-phase, three-element, 
self-contained. self-contained. self-contained. 
= joel. eee 
Ey 
; | ; 
J = f = 
+ LOAD LINE LOAD 
- 
Neutra — Neutral i 
> 








Fig. 42-29. Two-phase or 
three-phase, thre e-wire, 
with current transformers. 


Fig. 42-30. Four-wire, 
three-phase, three-element. 
with current transformers. 


\4. Polyphase Connections 


_The most common connections of polyphase watthour meters are shown in 
Figs. 43-26 to -33. A large proportion of actual metering problems is met with 
tas group of connection, leaving but a few where special wiring is required 
Une type of load requiring special attention is that in which a single-phase 
‘iree-wire system, generally for lighting purposes, is derived from a mid-tap on 
ne of a group of transformers connected in delta for supplying a three-phase 
power load. It might be thought that such a load, if non-inductive, would be 
‘orrectly metered together with the polyphase load if it were arranged that 
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Home Study Course the tap be taken from the transformer between the phases in which tl 
current coils are connected. If the phase-angle between the volta: M 
‘ meter and the single-phase current through its coils were exactly 60 d.«, [he st 
1 > > S ? 4 bill es 
n the The ory and such a measurement would be practicable; but the small discrepancy = metering 
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may introduce large errors in the measurement of the single-phase com)»; ® actions i1 
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Inventive Practice, Inc. references.” * * ° a leading 
8859 Norrnampron Roap —— a 2 
CieveLtann Hetents, Ouro 1U. S. Patent 1,688,858, G. F. Drewry, Oct. 23, 1928. Whatever 
2P.C.E.A. Meter Committee Report. Electrical West, May 15, 1928, page 463. he explicit 
ss iain diene imei 8P. A. Borden. Electrical Review (Chicago), Nov. 27, 1920, page 860. 
P , 4H. W. King. Electrical World, Oct. 25, 1930, page 774. 5 
It is Ideas that Move the World 5H. A. Clouse. (To be published in an early issue of Instruments.) H 7. as 
ill, 1934), 
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METERING FOR SPECIAL RATE STRUCTURES 

ie subject of electricity meters, as thus far discussed, deals solely with the 
metering of energy as a tangible entity comparable to weight of fuel or to 
»» other commodity which may be bought and sold. In commercial trans 
ons involving electrical energy, however, a number of factors make energy 
ymption but one of several magnitudes which must be taken into consider 
tion in order to obtain an equitable measure of costs and values. Some of 

modifying factors involve the relationship of electrical loads to time 
both in the sense of time-of-day and of the period in which power is con 
symed: The measurement of these, generally requiring mechanical accessories 
to standard metering elements, will be fully treated in the next article. 

Other modifying factors may be said to inhere in electrical power as such, 
and may be taken cognizance of by the introduction of electrical or magnet 
modifications in the metering equipment. In this class we find power factor 
and its associated magnitudes, volt-amperes and reactive volt-amperes— magni 
tudes characterizing alternating-current circuits only, but having an important 
bearing on the costs of supplying electricity to consumers. Since the metering 
of other than the active component (watts) is usually accomplished by modifi 
cations in the electromagnetic systems and is associated with electrical and 
magnetic characteristics of the meters, reactive volt-ampere-hour meters and 
volt-ampere-hour meters will be treated in this article 
15. Reactive Volt-ampere-hour Meters 

Metering reactive volt-ampere-hours is a practice which has attained a con 
siderable degree of importance, as providing a measure of the magnetizing 
component used in inductive equipment, integrated over a period of time, so 
that a consumer of power may be charged with his share of this element of 
the transmitted power. There are several methods of reactive metering,* all 
based primarily on the shifting of the phase position of the potential flux in 
a wattmeter type of element. A watthour meter of the induction type may be 
used, and the voltage applied to the potential coil displaced in phase by an 
angle of 90 degrees (see July 1934 article: Fig. 35-9 on page 142) so that 
the registration will become a measure of the volt-ampere-hours. Quadrature 
voltages thus derived from a polyphase network are subject to error under 
conditions of voltage unbalance. A more accurate method of shifting the phase 
of the potential flux is to combine a capacitance and an inductance with the 
potential circuit of the meter, thereby shifting the flux in relation to the line 
voltage. This method is sensitive to frequency changes, but on modern systems 
these are negligible as compared with variations in voltage balance 

In the same manner as reactive volt-ampere readings may be combined with 
wattmeter readings to obtain power factor, the registration of a reactive volt 
ampere-hour meter over a given interval of time may be combined with that 
of a watthour meter over the same interval to obtain “average power factor.” 
Since the relative values of active and reactive components will not be likely 
to vary exactly as their actual values, the result of such a computation is not 
in the strict sense of the term an average power facor. In other words, it is 
not a mean of all the successive instantaneous power factors. For billing pur 
poses, however, it is generally accepted as suitable for the establishment of 
charges based on “power factor clauses” in contracts. 

_ “Power factor clauses” are included in contracts in order to charge customers 
for magnetizing current which they draw from the system. Magnetizing cut 
rent being drawn from the system at lagging power factor, and being supplied 
to the system at leading power factor, an integration of reactive volt-ampere 
hours is an algebraic sum of all momentary values, both positive and negative 
A reactive volt-ampere recorder with zero-center charts will produce records 
made up of positive and negative areas. A reactive volt-ampere-hour meter, 
therefore, should “run both ways: its register should advance on lagging 
power factor and retrogress on leading power factor, in order that its periodic 
readings should be true integrations. Reactive meters used for billing purposes, 
however, are usually fitted with a ratchet to prevent negative rotation, so that 
a customer who installs and operates equipment which supplies magnetizing 
current to the system is not credited with his contributions, it being argued 
that whereas the customer is likely to draw magnetizing current from the 
system at a time when it must be supplied by the public utility, any mag 
netizing component he may be able to return to the system (by operating at 
a leading power factor) is likely to be available only at a time when that com 
ponent is not required and would disturb the stability of system operation. 
Whatever the technical justification of such one-way meters, their use should 


be explicitly stated in contracts embodying a “power factor clause. 


~ - detailed discussion see Chapter XIII of Knowlton’s “Electric Power Metering” (McGraw 
Mt, 1994), 
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16. Volt-ampere-hour Meters 

The metering of volt-ampere-hours presents problems not encountered 11 
integration of the active or the reactive component. The ideal volt-am, 
hour meter is the equivalent of a watthour meter in which the flux rela 
ships between current and potential elements are maintained as though th 
load current and voltage were at a power factor of 100 percent. This demand: 
some method of maintaining these fluxes proportional to the respective magni 
tudes which they represent and at the same time in a fixed relationship as th 
phase-angle between current and voltage changes with variations in the power 
factor of the load. 

One of the simplest of such devices, developed by Dorfman* (West: 
house), is shown diagrammatically in Fig. 42-35. An alternating-current circuit 
1 has connected thereto a meter 2, having the usual construction of a watt 
hour meter and comprising a magnetic circuit 3 with poles 4, 5 and 6 and a 
disk 7 free to rotate in the air gap. The potential winding 8 is directly exciti 
from the line. The current winding 9, instead of being connected in series wit! 
the line, is supplied from the secondary of a small induction-type reguli ito 
the primary winding of which is connected across the line. A small “tor 
motor” or rotary magnet 12 is connected in series with the line, so th at it 
rotor, and therefore that of the regulator 11, will be positioned in accordanc 
with the intensity of the line current. Hence the secondary voltage ot 
regulator will be proportional the current in the line but in fixed phase-relati 
to the voltage of the circuit. Consequently the current winding of the meter? 
will be traversed by a current which is at all times proportional to the current 
traversing the circuit but at a fixed phase relation to the voltage. Hence th 
torque on the disk will be in direct proportion to the product of the voltage and 
the current in the circuit; and if opposed by the conventional system of may 
netic damping will cause the meter to operate at a speed representative of t! 
volt-amperes. 

A number of other such devices have been developed for the direct meter 
of volt-amperes on a theoretically true basis; but their cost relative to that « 
the conventional type of meter has precluded their extensive production: ai 
the metering of volt-amperes is commonly made a matter of compromis 
approximation. 

It has already been shown that “average power factor” of an electrical! 
as determined from the registrations of a watthour meter and a reactive m 
does not of necessity represent the mean of all the instantaneous values 0! 
power factor during the time interval under consideration. For similar reasons 
the square root of the sum of the squares of the registrations does not neces 
sarily represent the true value of volt-ampere-hours. As will be pointed | 
a subsequent article, the principal object to be attained in volt-ampere meter 
rests in the determination of maximum demand; and for this reason vol 
ampere-hour meters, except as measuring units in demand meters, ar 
comparatively little. Hence the treatment accorded volt-ampere metering | 
article will be confined to types and principles from which an integration 
amperes may readily be derived, those suited only to recording or to de: 
determination being treated in the section dealing with such measuremen! 

A true measurement of volt-amperes with an element of the wattmeter t 
(and of volt-ampere-hours with an element of the watthour meter type) 
quires that one or other of the fluxes be displaced from its normal phas 
tion corresponding to unity power factor by an angle corresponding 


hy 


*U. S. Patent 1,578,501, Leo Dorfman, March 30, 192¢ 
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- factor of the load. However, the error in measurement as the flux swings 


a ugh a considerable angle about its ideal position is relatively small. This 
will be made clear by reference to Fig. 42-36, wherein the vector I represents 
4 current lagging a voltage E by an angle of 53.13 degrees, which corresponds 
to a power factor of 60 percent. Now, if the voltage applied to the potential 
secuit of a wattmeter carrying these magnitudes be rotated through an angle 
= of 53.13°, bringing it into phase with the cur 
‘E rent, the reading of the instrument will then 
g Fs a be volt-amperes, so long as the power factor of 
the load remains 60%. The same result will of 

course be accomplished if the potential flux be 

_ displaced in relation to the applied voltage. 

b _-F Further, suppose the current swings in phase 


position anywhere between the positions I’ and 
I’, the reading of the instrument, represented 
in the diagram by the projection of the cur 
rent vector upon the voltage vector, will not 
y depart from the reading at 60% power factor 

Fig. 42-36 by an amount greater than that represented by 
the small distance a. With a permissible error of 2%, the angle between I and 
either of the extreme positions shown can be as great as 11.5°. This means 
that in the measurement of volt-amperes the total angular variation in the 
position of the current vector can be as great as 23° before the error of meas 
urement exceeds 2%. The corresponding variation in power would be rep 
resented by the range from b to c. In other words, a wattmeter having its 
voltage flux displaced by an angle corresponding to a 60% power factor will 
measure volt-amperes with an error not exceeding 2% with a power factor 
varying from 42.9% to 74.7%. 

Phase-shifting transformers are available, providing a secondary voltage 
equal in value to the applied voltage but shifted through a definite phase-angle 
corresponding to some selected power factor value; and wattmeters or watt 
hour meters used in conjunction with these provide readings of volt-amperes 
or of volt-ampere-hours, as the case may be (within the above-mentioned limits 
of error). In general these transformers have several sets of taps, so that there 
may be selected a phase position most nearly corresponding to prevailing load 
conditions, as determined by a preliminary test. Measurements obtained with 
such a transformer are shown for two taps, 60% and 80%, in Fig. 42-37 
For instance, if a phase shift corresponding to 60% power factor, as mentioned 
above, be applied to the voltage on a given wattmeter, this wattmeter will 
then read volt-amperes with an error not exceeding 1% so long as the power 
factor remains anywhere between 0.481 and 0.707; and the error will not 
exceed 2% for any power factor between 0.429 and 0.747. If the 80% tap be 
used, the error will not exceed 1% for any power factor between 0.708 and 
0.877, and will not exceed 2% for any power factor between 0.665 and 0.903 
An interesting point in regard to this method of measuring volt-amperes or 
volt-ampere-hours as a basis of establishing billing charges is that such error as 
inherently develops with divergence of the actual from the estimated power 


factor is always in the customer's favor—the safe direction. If a meter could 
















































































































































































































































































| sasnssaeee 
| | 4 
PTT 
| ] 7 T | 
——j—1 4 4+—4 4 4} 4 _j 4 _t 
N | rr 
hs pave |_| -+—4 -+ 
ay 
z | 
t _- 
f 
- “te f _ | | i ee 601 TAP 
S 80 CWR YES 4 VG) | md : 
y, OLT-ANMPEA / CAV LOMS jt Asst 
¥ Osta olay) | i | i } S 
t [ Warr pe 2 ee a LDN eazme 
K 60) v 5 | | if 
¢ Vad SQ 07am. el | | 
4 RAN SLORMER) | | ! 
: POO 
4 | } | | 
g —~ | | | i] 
— + —_+—4- 
¢ | 
Ses ae at sees eee 
a 
a an —+—+—+ i t +—j+—-+ PT 
a ane ae + seee + ee 
496 100 030 G80 090 U60 0,50 040 030 Uco v.10 


Power facroR & Logo 
Fig. 42-37 





ANDUHBES 





Recording Gas Gravitometer 


A direct-weighing instrument of demon- 
strated accuracy and reliability, producing 
a temperature-compensated record of spe 
cific gravity of gas from a continuously 
flowing sample. Indispensable in the ac 
curate measurement of large volumes and 
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KURMAN 
SENSITIVE RELAY 


has the following exclusive features 





Magnetic Circuit. The magnetic circuit is 
of Nickel alloy, of exceptionally high 
pérmeability, especially heat treated. Af- 
fords extreme sensitivity of low induc 
tion, rugged and economical. 
Sensitinty. The relay is rated at 13.7 
Milliwatts for positive operation, but can 
be adjusted to operate on as little as 4 
Milliwatts. 

Drop Out. The steep curve of the Nickel 
alloy used in the magnetic circuit provides 
a snappy constant drop out that can be 
adjusted to 85% of the pull-up value. 
Contacts. Single Pole, Double Throw. Of 
Fine Silver, rated to carry 14% Amperes. 
AC, 110 V 


Light Control Applications 


We have prepared a bulletin showing six 
popular light control circuits embracing 
the Cicocell and Kurman relay, outlining 
their application, pricing the equipment. 
Write to us for it. 
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be provided with a considerable number of phase shifting devices, a1 
automatically switched to that most nearly corresponding to the then \ 
power factor, there would be obtained a measure of volt-ampere-h 

curate through a wide range. Such a switching arrangement, however 
not be practicable, and the nearest development to this which has yet a 
is found in a type produced to a limited extent by the General Elect: 
This meter comprises three single-phase elements, in which each p 
system is “lagged” to correspond to a predetermined power factor, the 
selected values being 60%, 84% and 98%. The three elements engage 

register through ratchets, so that the element running at the highest 
operates the register. By adjusting each element to be 1% high at its “ 
phase angle, this meter can be made to give a measure of volt-ampe1 
with an error not greater than 1% for any power factor value bety 
and 100 percent. For volt-ampere-hour measurement on polyphase loa 
necessary to use a separate meter for each conductor of the system, con: 
being made according to the “three-wattmeter” method. 

A volt-ampere-hour meter bearing a certain similarity to the abov 
*Trivector,” made by Landis € Gyr of Switzerland. This meter incor 
in one case a Watthour meter and a reactive meter, each having its own 1 
The mechanical train by which the computation of volt-ampere-hours is 
is shown in Figs. 42-38 and -39. Spindles 10 and 11 are the rotor shaft 
watthour meter and of the reactive meter respectively; and these are 
geared to the cyclometer registers 12 and 13, upon which are obtained 1 


tions of watthours and reactive volt-ampere-hours respectively. In addit 


each spindle is coupled to a ratchet on the shaft 22 of the cyclometer t1 
so that whichever spindle rotates faster will drive this train. In additior 
trains mentioned, there are driven by the two metering elements the sun 


of a group of planetary gearings, so that the planet wheels are given vel 


representing combinations of the speeds of the two driving members, take 
different proportions, and therefore corresponding to volt-ampere val 





Fig. 42-39 


Fig. 42-40 
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tors. Each 
wheel may 
shaft 22 ot 


will be that 
ratchet whic! 


proper selec f 
gear ratios th 





may be made to register within 1% all values of volt-ampere-hours 1n 
angle range of from 0° to 90°; and by the addition of a simple rela) 
incorporated in the meter the range is extended from zero lagging, 

unity, to zero leading. The meter may also be fitted with a double re 
that reactive component values for leading and lagging power factors 
registered separately. Fig. 42-40 shows, for example, a three-phase th: 
“Trivector™” for unbalanced loads, consisting of a watthour meter sectio: 
a volt-ampere-hour section with maximum demand indicator (middle) 
reactive component section (right). 
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FINAL OR “CERTIFICATION” INSPECTION OF ETCHED-STEM THERMOMETERS 














Checking for Phase Rotation 
in Reactive Metering 


By CHARLES H. THAYER* 


N measuring the reactive component with a watthour 
meter, it is necessary to shift the potentials 90 
from their normal position. This makes possible two 

potential connections. With one connection the meter 
would run in a positive direction under lagging power 
factor conditions; with the other it would run in a posi- 
tive direction under leading power factor conditions. If 
there is a load on the meter and we have knowledge of 
it to the extent of whether it leads or lags, no trouble 
will be had in properly connecting the meter. We should, 
however, have some method of de- 
termining whether the meter is cor 
rectly connected without having a 
load on it. The method used by the 





side and the two black leads to the other. Close a s 

on the load box so that three or four amperes floy 
through the standard and if necessary reverse the cur 
rent connections to standard so that it moves in a pos; 
tive direction. Now with the potential connections 4s 
they were, throw the four-pole switch to the operating 
position. The standard should now stand still becaus: 
the current is 90” out of phase with its potential. S, 
Fig. 2. 1-3 is the potential to the standard and if ¢] 
potential to the load box lags 90° it will take the positio: 
2-3. In order to determine whether 
the potential to the load box does lag 
or not, we plug in our coil and not 
the direction of rotation of the stand 








writer for a number of years may be 


ard. If it does lag it will cause th, 





of interest. 
Fig. 1 shows two meters connected 





to a two phase, three wire circuit. It 
is assumed that meter 4, which meas 
ures the active component, is correct- 
ly connected. Meter B is connected 
to measure the reactive component. 
The potentials in the installation 
shown are connected to a four-pole 





} 
—) ae -_—— 


a 


current from the load box, supplied 
by potential 2-3, to lag more tha 
90~ as shown by the dotted line i; 
Fig. 2, and the standard will run i: 
a negative direction, indicating that 
this element of the meter was cor 
rectly connected. If the potential 
the load box 2-3 leads the potential 
_ 1-3 to the standard as shown by Fig 
3, the current from the load _ box, 
supplied by potential 2-3, would tak 





double-throw switch so that in the 3 
down position the meter may be — | 
tested with normal potential connec- ~ aoe 


tions to it (we assume that the meter 
is correctly connected in this posi- 
tion). In the upper position the po- 
tentials to the meter are 90° from 
the normal position. We will assume 
that meter B is supposed to run in 
a positive direction with a lagging 
power factor load. The potential to each element should, 
therefore, lag from its normal position by 90” so that as 
the current lags it will come nearer in phase with this 
potential, and the reading of the meter will increase as 
the current lags. 

The necessary equipment to determine this consists of 
a rotating standard, a phantom load and a small coil of 
annunciator wire. The writer has a test plug connected 
to the coil of annunciator wire which may be plugged 
into a test jack on the load box in series with the cur- 
rent circuit. The opening in the coil is large enough so 
that a wrench or a pair of pliers may be inserted in it. 

The current circuit of the standard should be con- 
nected in series with the current circuit of the load box. 
A set of potential wires should be connected to the po- 
tential circuit of the standard and another set of poten- 
tial wires should be connected to the potential circuit of 
the load box. Each set of potential leads should have a 
red and black terminal for easy identification. The four- 
pole switch should be in the test position. Connect the 
potential leads from the standard to a pair of potential 
terminals on the test side of the switch. The potential 
leads from the load box are connected to the blades of 
the switch which are in contact with these potential ter- 
minals. The two red leads should be connected to one 


*Electrical test and calibration specialist, Ashland, Mass. 
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Fig. 1. 2-phase 3-wire circuit. Watt- 
hour meter B, connected to 4-pole 
double-throw switch, will indicate re- tive direction, indicating that the 
active kwh on up position. Down posi- 
tion is for testing. 


a‘ the position shown by the dotted lin 
after the coil was plugged in circuit 
and the standard would run in a pos 


meter was not correctly connected to 
measure lagging power factor cond 
tions. The other element of the m 
ter would be checked in the san 
manner. To measure the reactive component on a thre: 
phase circuit it is necessary to use transformers to bring 
about the 90° condition. However, the checking of th: 
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connections to the meter is done in the same man 
for the two-phase meter. 

This same method can be used to check Lincoln 4 
mand meters in connection with phasing transformers. 
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Materials Testing Machines 


An Account of Their Development, with Special Reference to the Tension-Compression-Transverse Group 


By C. H. GIBBONS* 


\. H. Emery secured his United States Letters Patent 
the designs of the United States Testing Machin 
Tune 5. 1883, and the same year he disposed of them to 
Yale and Towne of Stamford, Conn. In all, eight Emery 
type machines and one 70,000-lb. hydraulic support cali 
bration machine (for Sibley College, Cornell University ) 
were built by them. The capacities ranged from 70,000 
to 300.000 lbs. 
[ron Go., Johnstown, Pa., and to Bethlehem Iron Co.. 
Sothlehem, Pa.°’ One of 150,000-lb. capacity was ex 
ported to the Royal Laboratory of Vienna. In general, 


one each of the latter going to Cambria 


these were vertical machines (Fig. 31 Pade 

Because testing machines did not fit well into the line 
of Yale and Towne, they sold the patents, in 1889, to 
William Sellers and Company, Philadelphia, who built 
numerous Emery type machines (mostly horizontal), the 
last being dated 1905 and being exported to the Poly 
technic Institute, St. Petersburg, Russia. Several traction 
dynamometers, weighing beams and calibrating devices 
employing the Emery principle, were built up to 1917, 
but no other testing machines. 

The largest of the testing machines built by Sellers 
was a 300,000-lb. universal for the Massachusetts Insti 
tute of Technology in 1892. This machine accommodated 
specimens in tension up to 13 feet length and compres 
sion specimens up to 18 feet length. Clear space between 
7” diameter screws was 39”. It was lately (1931) re 
moved from the laboratory to make room for a more 
modern vertical machine of 300,000-lb. capacity and on 
using the same basic principles as those of the one re 
moved. 

It is not generally known that the Fairbanks Morse 
& Co., Chicago, was actively engaged in the manufacture 
of testing machines through the eighth and ninth dec 
ades of the last century. It seems that, in general, thes 
testing machines were adaptations of the platform scales 
built by this company,” and were built in sizes from 

*Baldwin Southwark Corp., Philadelphia, Pa. 


his latter machine is in service still (1935). 


urnal Franklin Institute, No. 108, 1879, page 98 

















Fig. 31. An Emery testing machine built by Yale and Towne, 
in 1889, for Columbia University. 


PART SIX 


100,000 to 1,000,000-Ibs. capacity. There was one unique 
feature, however, which justifies a notation. The seal 
beam was double with a heavy poise on th upper branch 
The lower branch had a lighter poise which moved under 
the force of a weight to which the poise was attac hed by 
a cord. The motion of the lighter poise was then con 
trolled by an escapement operated by the rise and fall 
of the scale beam.”” 

Anothe r machine which de serves mention beg iuse ol 


the single unique feature, was the 50-ton single lever 


testing machine at St. Chaumond, France. The lever 
consisted of two I-beams, 12” dee p, 14 feet long, side by 
side with the main fulerum between them. The poise 


traveled along these beams. Thi unique feature was the 
use of a wedge driven by a worm wheel and screw for 
counteraction of strain. 

About 1886, Charles Kellogg designed for the Union 
Bridge Co. at Athens, Pa., a 600-ton horizontal tension 


testing machine for specimens up to 40 feet long, having 


a large hydraulic cylinder, the load being estimated 
from the hydraulic pressure in the cylinder. Phe base 


rails were two riveted girders 42” dex p and 60 feet long 
The cylinder was 5134” diameter bore, open at one end 


59". Hydraulic pres 


sure available had a maximum of 600 Ibs./in.” and was 


and having an effective stroke of 


measured by a Shaw mercury column and by a Bourdon 
tube gage. Four 5°.” diameter piston rods were attached 
to the piston, which had a gland and flax packing. The 
piston rod glands, also, were packed, but in service wer 
not drawn tight. It was desired that a thin film of water 
pass at all times during the testing so that piston and 
piston rod friction would be reduced. Pressure was sup 


plied from a 2! ‘w by 10” single acting triplex pump 
A 1200-ton machine of similar construction (but uni 
was built at Phoenix Iron Work 


Pa., in 1890. ' 


versal )' Phoenixvill 


The evlinde r was 64.1” in diameter and 
the stroke was 72”. There wer four 8! o” diameter }) 

ton rods and the hydraulic pressure available was 800 
lbs. in... Flax packing was used both on rods and on 
piston. Maximum tension specimen was 50 feet center to 
center of pin-holes (eyve-bars) with 30” diameter of 


heads $14,” thick. Mercury 


measurement and a friction recoil device absorbed the 


gages were used for pressure 
energy released at rupture of the spe cimen 


The accuracy of this machine 
1.74 


and of this type of 
machine’ had long been questioned when in 1908 
extensive tests were made in comparison with the Emery 
machine at Watertown.'* These tests indicated that if, 
in this case, an allowance be made of 12,000 Ibs. for 
friction at all loads the accuracy of the machine was 
quite good. In other words, the percentage of inaccuracy 
of load indication decreased rapidly as the load in 
creased. 

A similar testing machine of 2,000-ton capacity wa 
constructed by The American Bridgi Company, Am 
bridge, Pa., in 1904. 

During the pe riod 1890 to 1907 there ar only two 
large machines that merit attention; viz., the Hoppe and 
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that of the Conservatoire des Arts et Métiers. But there : ; ye 
was a very important development in the evolution; viz., he 
the introduction by Amsler of the dial for load indication. . noel 

The Hoppe testing machine of about 1894 at Char- the next: 
lottenburg, near Berlin” had a capacity of 1,100,000 4 he a 
lbs. and handled specimen 49 feet long and up to 31” rons 


that on 4 
i 1865. It | 
= dials anc 
struction, 
1845 and 
Bourdon 
inventors 


square. It was so arranged that either the cylinder or 
the ram, which was used for load-producing purposes, 
could be locked to the bed. This feature, in association 
with an unusual construction of the load connection to 
the first lever of the weighing system, afforded certain 








conveniences in operation, 

The 300-ton (672,000-lbs.) testing machine built by 
Joshua Buckton and Co., Ltd., of Leeds, England 
(1904), for the Conservatoire des Arts et Métiers. 
Paris,’ accepted specimens in tension or compression 
up to 88 feet in length and 39” square, and also had 
facilities for transverse testing of large specimens. Load 
application was by means of an hydraulic cylinder with 
a pump and accumulator system. The ram was 26” in 
diameter and the stroke 84”; the maximum pressure 
about 1700 Ibs. in. The ram was of steel, copper 
plated, and the packing was U-leather. The lever weigh- 
ing system had a ratio of 600 to 1 and the shortest lever 


and it is, 
applicatic 
and-poise 
ing gage: 


progress 





chines as 


cabettie 


ee 


aes 








Fig. 33. Tensile testing machine similar to the first one produced 
by Amsler in 1888. 





+} 


’” . ° a ° 4 
was 2. Its features consisted of a moving bed with 





weighing levers and the hydraulic cylinder at one end 
The cylinder was fixed and the ram movable. It wa: 
extremely sensitive as is evidenced by the fact that 
t-lb. change of load at 100 tons was indicated by ¢! . 
weighing system. ’ 





About 1904 there was a development in testing ma 
chine design which was destined to have a marked influ 
ence on the trend of testing machine evolution. This was 
the introduction by J. Amsler-Laffon & Son, Schati 
house, Switzerland, of a dial indicator for load indica 
tion instead of a manometer, a lever-and-poise, « seal 
such as the Emery, etc. It is true that a very ear) 
Riehle used a dial gage, but it was soon replaced )) 
lever and poise. It is true that Bourdon tube gages had 
been tried, but without a marked success. 











A word in passing as to the development of dia! ind 


cators may be interesting and of value since today. to } 
modern, a testing machine must have some device 10 
automatic continuous indication of load. A similar ' 
tion took place in the development of our timepiece 
Early devices for measuring the passage of ti 


Fig. 32. Compression testing machine of a wes built by Amsler nothing of this kind and the invention of the cl Tar 4 Fig. 34. An 
in 1886. and hands made obsolete all the older method: !' 
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esting that a recently popularized form of clock 
does not have a face but only openings through which 
be read directly the time in hours and minutes. It 

-. possible that some such development as this may b 
the next advance in load indication for testing machines. 
The earliest record of a dial indicator—continuous 


e 


4 sutomatie indication of values—on a testing machine is 

that on a machine of Thomas Dunn in England late in 
= 1865. It is not improbable that Bourdon tube gages, with 
> dials and indicating hands as was the customary con 

struction, had been used before. The decade between 

1845 and 1855 had seen an intensive development of the 
© Bourdon tube pressure-indicating gage, no less than four 
j inventors claiming priority of conception of invention, 
and it is, therefore, highly improbable that this obvious 
application had been made. In comparison with the lever 
and-poise, however, the Bourdon tube pressure indicat 
ing gages of that day were grossly inaccurate and no 
progress was made in their application to testing ma 
chines as load indicators. « 


eo 4 


testing machine built in the 1890's. 








Fig. 35. The first pendulum dynamometer for indicating on a 
dial the load on the specimen. Built by Amsler in 1904, 


A few years later Riehle in the United States applied 
a dial indicating gage to what was probably the first one 
to be built by that firm. It seems to have been a dial 
type spring balance and since Riehle Bros. were scale 
builders before they turned to testing machines this fact 
lends weight to the assumption. It was probably not suf 
ficiently accurate, for a testing machine of their manu 
facture three or four years later reveals that the idea 
had been discarded insofar as the major weights were 
concerned, only a relatively small portion of the required 
load being weighed on a spring balance with linear scale. 


A little-known development in this direction was that 
of A. H. Emery, previously noted as the builder of the 
famous testing machine at the Watertown Arsenal. He, 
in 1883, patented a dial-indicator pressure gage based 
on the use of his famous hydraulic support or capsule 
and flexure plates in the lever system which magnified 
the movements of the support to values which were ser 
viceable. 

It is surprising to us that this seemingly obvious ap 
plication of this precision device to a testing machine for 
the purposes of load indication was not made. It is 
probable that the development of the art had not vet 
reached a point where continuous indication was thought 
of either as necessary or as desirable. So for twenty 
vears there was, apparently, no progress in this direction. 


J. Amsler-Laffon & Son was established in 1854 as 
manufacturers of instruments, M. Amsler being the in 
ventor of the polar and other types of planimeters, of 
integrators, and of other scientific instruments. “Their 
first testing machine was built in 1886, was for com 
pression only, was of 15-ton capacity, used the hydraulic 
principle for load production and strain compensation 
The ram was carefully ground and used no packing. It 
incorporated another feature which has long been asso 
ciated with the Amsler name—that of the rotation of 
some part of the load producing or load weighing (or 
both) system to reduce the friction of the ram on the 
cylinder walls. This idea was not new even in its appli 
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cation to testing machines, as Chas. Emery had patented 
the idea in the United States in 1883, and a mechanism 
based on the principle had been built and used in 1879 
in proving the accuracy of the Emery machine at the 
Watertown Arsenal. The application was not made prac- 
tical, however, nor applied currently to testing machines 
until the development just mentioned. 

The hydraulic pump was of the screw type and hand 
driven. The load-measuring device was a mercury 
manometer. Fig. 32 is a view of a similar machine. 

Amsler’s first tensile testing machine was built in 
1888 and was of 30-ton capacity. It employed a mechani 
cal application of load and load was measured by a 
mercury manometer. It was similar to the machine shown 
on Fig. 33. 


Early in the last decade of the 19th century t 
ton tensile testing machine of Fig. 34, having hyd 
means of load production and hydraulic means 0 
measurement, was built. 

In 1904 the first pendulum dynamometer for n 
ing and indicating on a dial the load on the sp: 
was built. The type is that shown in Fig. 35. 

As suggested earlier, this idea of using a dial fo 
indication has spread so widely that today a m 
without a dial indicator is hardly modern. One 
world’s largest testing machines was recently m 


ized by the application of dial gages, although the olde; 


lever-and-poise system was not removed. The applica 


tion was made to increase the convenience of the 


the machine. 
(T« 





The “True Direction” Aircraft Instrument Question 
Discussions of Article by A. M. Dudley in February Issue 


To the Editor: 

It may be agreed that the true direction compass reported 
by Mr. Dudley is inoperative. However, it should not be neces 
sary to go beyond well-known engineering principles in explain- 
ing why. 

The simplified diagram of Fig. 4 shows two coplanar coils on 
one shaft. Magnetic shielding is indicated, the intention being 
that only vertical conductors G and H, and horizontal conduc 
tor AL should cut flux. Unfortunately, there is no known ma- 
terial which will accomplish such shielding, without distorting 
the magnetic field so that the desired result is not obtained. 
The two coils will generate in phase voltages when rotated in 
the earth’s field, though the coil KZ may have such a small 
window that its voltage is nearly zero. Direction of flight 
should have no effect on the phase angle. 

When conductor KL is perpendicular to the line of flight a 
maximum voltage will be induced, not only in AL but in the 
other conductors. No net voltage can be indicated, since all 
conductors between AK and ZL must cut the same flux. There 
will be a concentration of electrons at the negative end of the 
conductor, and a concentration of positive particles at the 
other end. This voltage or concentration is not readily deter 
mined. 

The passage of the plane through the assumed _ stationary 
magnetic field may possibly be determined by means of the 
principle of the lateral thrust on a current carrying conductor 
in a magnetic field. A highly charged insulated body would be 
freely supported within an electrostatic shield. This body 
should be deflected perpendicularly to the line of flight, just 
as electrons shot through a magnetic field are deflected. 

Another possible method of determining direction of flight 
without reference to even the magnetic field lies in integrating 
the acceleration to yield the change of velocity, and integrating 
the velocity to obtain the change of position. If the position 


and velocity at any time are known, the position and _ velocit 
at any subsequent time can be determined. An acceleromet: 
sensitive enough to determine the accelerations with sufficie: 


accuracy may not be obtainable at the present time, but 
method has theoretical possibilities, the theory of relativity 
the contrary. 

The Foxboro Co. A. P. STEENSEN 
Foxboro, Mass. Research De pa 
February 27, 1935 


To the Editor: 
I have read with interest Mr. Dudley’s article and must s 


that it does not require knowledge of Einsteinian Relativity | 
point out the fallacy in the proposed instrument. If one co) 
centrates on the lower part of Fig. 1 and assumes the co 


Ol 


ductor KL to be rotated about a vertical axis through th: 


intersection of KZ and O’C’ it is apparent that no potentia 
generated, as Mr. Dudley points out. 
Next assume the conductor AL to be translated horizont 


(without rotation) along the line O’C’. Still no potential ger 


erated. 
Now rotate and translate at the same time; and try to fig 


how the combination of two motions—neither of which gener 


ates potential—can produce an indication on the voltmeter 


This “solution” was first sprung on me over a chocolat 
sundae in Smellie’s drug store in Hammondsport, N. Y., i 


1913, and it turns up somewhere once or twice a year wit 


deathless persistence. 


I am glad to know that Instruments is conducting a forw 


on the “true direction” question and regret that at the present 


time I am too busy to prepare anything for it. 
Morristown, N. J. Cuartes FH. Cor 
March 22, 1935 Colvin Laborat 





Scale Distribution and Its Effect on Observational Errors 
Discussion of Article by R. G. Jewell in March Issue 


lo the Editor: 

The article by Mr. Jewell on Instrument Scale Distribution 
is of particular interest because this subject, treated at length 
abroad, has thus far been almost ignored by American writers. 
It is to be hoped that the article will stimulate discussion and 
the preparation of other articles on the subject. In default of 
the complete discussion for which time is not available, | 
should like to comment on two matters which interested me 
particularly. 

In equation (3) Mr. Jewell has the factor cos (y+-a+-D), 
which would be correct for the simple but impractical case in 
which the area of the moving coil is infinitesimal in comparison 
with that of the fixed coil. In the practical case, this cosine 
relation may be closely approximated (as in the Weston Model 
310 wattmeters, and some others) by special geometric pro- 
portions between fixed and moving coils, these proportions 
doubtless having been found by the cut-and-try process. A 
direct solution of such problems has been called hopeless, by 
a British mathematical physicist, in the present state of 
mathematics. 

The last reference given in the bibliography is that to 
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Bruger’s article on an electrodynamic ammeter and voltmet 
with uniform scale. Certain readers may feel the lure of t 
uniformity; and therefore it may be well to call attent 

reference No. 19 in the same bibliography, which is to 1 


paper on the accuracy of commercial electrical instruments 


In this paper I referred to Bruger’s instrument and adc 


what was perhaps too mild a word of caution, that “In ge 


eral, however, instrument scales should follow the natu: 

of the instrument (type), if an efficient design is desir 
Bruger’s instrument, for example, the fixed coil is bent 
angle such that as the moving coil moves up scale it expe! 
ences an actual retarding torque from part of the fix: 
this torque throttling the natural tendency for the det 
to increase as the square of the current. Mr. Jewell | 
pointed out this defect of “trick” scale-law instrume! 
course, with some systems having an abundance of deflect! 
torque, some of it may be sacrificed to obtain a certai 

of scale. 

National Bureau of Standards, H. B. Brooks, Chie/ 
Washington, March 25, 1935, Electrical Instrument & 
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HOW ALTITUDE RECORDS ARE CERTIFIED maine 








‘ Jiitude of flight but upon the mean temperature of the As it is unlikely that general agreement upon the proper 
+ .:. column below the airplane. method can be obtained, the simplest solution is to re 
' = in the ease of balloons the best performance is meas tain, as the measure of performance, the lowest pressur 
* d by the lowest air density reached. The balloon at attained, converted to altitude in the standard atmos 

‘ raining & given lowest air density may not attain the phere. 

| = come altitude at one time of year as at another. 7 eee 

op i ss yreferable to retain the method of rABLE IV-—-OPEN-GONDOLA BALLOON FLIGHTS 
Phus it appears |] da necte TO HIGHEST ALTIPUDI 
comparison utilizing a standard atmosphere. The altitude 
ie ° : ‘st Corr 
now necessary to break the unlimited altitude record for Pre | * in 
; : s spon 
either airplanes or balloons is well into the stratosphere, Pilot Countrs —e ann Ay Ai 
in which the air temperature can be considered constant. mm.itg tude Feet 
In these cases the lowest pressure attained gives a rea Suring & Berson Germany July 81, 1901 170.5( B54 
sonably accurate index of the performance of either H.C. Gray U.S. Mar. 9, 1927 235 PS5LO 
‘ lian H. C. Gray U.S. May 4, 1927 122 h2470 
balloons or cps. : . H.C. Gray U.S. Nov. 4, 1927 122 12470 
In the case of records in other categories now at lower 
altitudes, the method of determining the altitude of air 7" Metra sed REGUTe PS Capt, Gray 
planes in the standard atmosphere should follow one of 2Not recognized as a record, Capt. Gray 
the methods of reduction used by aeronautical engineers. aa 
TABLE V—STRATOSPHERE BALLOON FLIGHTS 
Volume ot Lowest ( orresponding 
Pilots Country Date Balloon Pressure kA. ltitruicte 
cu.ft. mim. Tg Feet 
Piccard and Kipfer Belgium May 27, 1931 500,000 78 SLT75 
Piccard and Cosyns Belgium \ug. 18, 1932 500,000 i3 8153 
Prokovieff, Birnbaum, and Godounoft USS. Sept. 30, 1933 860,000 19-50 61237 
Settle and Fordney ee Noy. 20, 1933 600,000 419.5 61237 
Fedossejenko, Vessenko, and Oussyskine U.S.S.R Jan. 30, 1934 882.850 (a) 7()() 
Kepner, Stevens, and Anderson U. 0: July 28, 1934 3,000,000 51 GOG13 
Cosyns and Van der Elst Belgium \ug. 18, 1934 500,000 v4 52867 
Piccard and Piceard U.S. Oct. 23, 1934 600,000 59 7579 
(a) Altimeter reading. By ‘ 
Present world’s record. eet ve i 1 rapl 
A NEW METHOD OF AUTOMATIC SYNCHRONIZING | Concinu 
adjustiag rheostat,” reading from positive to negative. relay, one of which is negative at 180” phase displac 
As the phase angle increases toward 45 , the vector ment, zero at a definite time in advance of synchronism, 
difference voltage increases less rapidly than in direct and positive from that instant until synchronism is 
proportion to phase angle; the saturation of the com reached; it then reverses and remains negative through 
pensating reactor tends to correct for this condition. 180 
The advance voltage is induced in the secondary of The amplifier closes the left contact of relay D to 
the advance transformer, by the change in primary cur operate coil of relay A when this stud is sufficiently 
rent of this transformer as the phase angle changes. The negative, and closes the right hand contact as the voltag 
connections are made so that when the phase angle is on this stud falls to zero. 
) decreasing, this voltage opposes the phasing voltage, the The control tube (right hand tube in diagram) re 


EID Sake gS AO ER te a bia lance 





left end in the diagram being negative and the right end 
being positive. 


The compensating voltage is produced as follows: 

(1) The two source voltages, after transformation, are drawn 
from the upper secondary of the upper insulating transformer 
to a rectifier, and from the lower secondary of the lower in 
sulating transformer to a rectifier, as shown in the diagram 
This produces two d.-c. voltages proportional to the two source 
voltages. 

(2) These two rectifiers are joined at their negative terminals 
and each one is loaded by a resistor which provides a path for 
current to flow in response to the difference between the two 
voltages. 

(3) The difference between the two voltages is fed through 
a third rectifier to obtain a difference voltage of constant polar 
ity. A small capacitor across the input reduces the ripple com 
ponent of the voltage difference which exists at all phase angles 
except zero and 180°. 

(4) This difference voltage of constant polarity is fed to a 

potentiometer for purposes of adjustment. 
"2 (5) The compensating voltage is that voltage from the junc 
‘ion of the advance transformer secondary and the compensa 
tion adjusting rheostat to the tap on this rheostat, reading 
from positive to negative. It always opposes the phasing vol 
‘age, and is approximately equal to it at 0°. 

The resultant voltage which controls D is the phasing 
voltage minus the sum of the advance voltage and the 


compensating voltage. It is applied to two studs of the 


sponds to the changes in voltage across these relay studs 
Changes in d.-c. control voltage affect the compensating 
(left hand) tube in the same Way as the control tube so 
that they do not affect the difference between the pl ite 
currents materially. The windings of relay D being con 
nected in opposition, the operating point of the relay is 
by the 


re fe rre d to, 


voltage across. the 


slightly af 


determined almost entirely 
relay studs above and is only 
fected by the contro] source voltage. 

To recapitul ite, il may be said that the comple te rel iy 
consists of a differential relay D, each coil of which i 
connected to the plate of one tube, an auxiliary relay B, 
actuated by the contacts of D, and a checking relay ( 
to prevent synchronizing indication being given if the 
frequency difference is excessive. An auxiliary relay / 
is connected so that if D operates after the contacts of 
checking relay C and its time auxiliary 4 have closed, 
the contacts of D finally energize the main auxiliary 
relay F' to initiate the closing operation of the breaker 
The tube circuits are balanced so that variations of from 
80% to 110% of normal in d.-e. 


no material effect upon the closing angles, and a com 


control voltage will have 


pensating circuit balances out the effect of voltage dif 
ferences between the a-c. sources, 
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RAWSON 
Wiuitimeters 


DC 
13 RANGES 
From 1 
Microamp 
to 1 Amp 
and 
20 Microvolts 
to 1000 Volts 


AC or D 
THERMAI 
13 RANGES 
From 
2 Milliamp 
to 1 Amp 
an 
60 Millivolts 
to 1000 Volts 





Yynamometer wattmeters, milliammeters 

1 voltmeter Also ultra-sensitive meters 

both f A.C. and D.C., fluxmeters, elec 

trostat voltmeters from full scale 120 

er 20,000 volts, thermocouples, 

i urre mete cable testers, flux 

et et 

Special Apparatus Built to Order 


RAWSON 
ELECTRICAL INSTRUMENT CO. 
Cambridge, Mass. 


Branch: 91 Seventh Ave., New York City 


Representative: E. N. Webber, 
Daily News Bldg., Chicago, Ill. 








SHALLCROSS 


Megohm Decade Resistance Boxes 





Employing the highest grade non 
reactive wire-wound resistor units 
and the most modern methods of 


insulation. 


N ’ Two Decade 10x¢.01 0.1 Megohms ) 
Total 1.1 Megohms 

N j Iwo De 10x (0.1 1.0 Megohms) 
rotal 11 Megohms 

These Me gohm Decade Boxes may 


be used as resistance comparison 
standards, laboratory standards, 
potential dividers, and many other 
applications in the physics and in- 


dustrial laboratories. 


Send for Bulletin goo-H de- 
serthing these instruments. 


SHALLCROSS MFG. CO. 


COLLINGDALE, Pos 
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NEW INSTRUMENTS 


In this department we strive to report each month ALL the new d: 
for measurement, inspection, testing, metering and automatic control— 


form of concise technical descriptions. 


When writing to manufacturers directly, please mention this depart 


as your source of information. 


Or write to Information Section, Instruments Publishing Company. 








Position Transmitter 
and Recorder 


\ duplicate position telemeter system 


for indicating and recording at a dis 


tance the position of mechanisms such 


is bridges, gates, valves or water level 


in water power plants, engine governor 


positions, or the position of any impor 
tant mechanism, is announced by the 
Westinghouse Electric & Mfg. Co. The 
“Type GH” position recorder is assem 
rectangular for 
panel mounting. An improved 
duplicate position type of motor operates 
a direct-acting pen which 
strip-type chart variations in the posi 
tion of remotely mechanisms 
a motor-type transmitter. 


bled in a case switch 


board 
records on a 


associated 
operating 





Combination Amplifier 


\ combination remote and public ad 
dress amplifier designated as “PAR-19” 
is announced by the Remler Co. Master 
gain controls enable the operator to se 
cure any desired mixing combination and 





power level on either amplifier, inde 
pendent of the setting of the other. 
Transmission is therefore free from feed 
back and extraneous noises, it is said. 
The PA amplifier is a 4-stage, push-pull 
resistance-coupled amplifier, using three 
type 6A6 tubes, two type 2A3 tubes, 
and one type 82 rectifier. The remote 
amplifier consists of a 3-stage, push-pull 
amplifier using type 6A6 tubes. Both are 
housed in a portable case measuring 
18”x19”x8” and weighing 85 Ibs. 


Edgewise Indicating 
Electrical Instruments 


\ new miniature hor 
edgewise electrical 
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announced by 
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instruments using D’ Arson, 
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ments, a.-c. instruments using dy: 
meter movements both said to lb 
rate to J4%%; a.-c. instrument 


moving iron movements with an ac 
of 2%, a.c.-d.c. types using copper 
rectifiers with Dg 
high-frequency thermocouple style 
an accuracy of 2%. Body dimensi 
41/,°x13/,,”, dimensions 5”x2 
epth 23,” molded of B 
with black or walnut finish, flush 1 
ing; with zero 
Scale length is 314”, and panel 
half that required by round or sq 
strument of equal scale length. V« 
shaft 
the round or square instrument use 
greater sensitivity, pivot frict 
and less chance of error from acci 
unbalancing of the moving system. M 
ment is built as a separate unit 
casting and is readily removabl 
and magnet for servicing 
pieces and cores, machined from sot 
are mounted in the die 
and jewels, being affixed to scre 
easily changed when necessary. M 
solid and made from 
steel, tungsten steel, or 
pending on sensitivity of the mo 
Pointers furnished either spade, 
knife edge; mirror scale supplied 
sired. ranges can be I 
vertical operation, the up-and-dow: 
yreferred on some installatio 
a “different artistic effec 


accuracy of )¢ 
flange 
Cases 
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“Summer-winter” Type 
Thermostats 


Julien P. Friez & Sons, I 
nounces a new line of thermos! 
air-conditioning applications. Sen 
is 2+0.5°F. “Summer-winter” 
switches are built in and interw 
that both heating and cooling eq) 
can be operated. Key operation 
are available for use in public bu 

Changing the position of the 
mer-winter” switch reverses the 
action so that heating equipment i 
ed on falling temperature in the 
whereas cooling equipment 
rising temperature in the summ¢ 


star 





as 
lock 

ge a 
scillato 
unpline 
The mal 
is said te 
RCA-84 


frequen¢ 








electron- 
plate ty] 
1 mixing 
proper \ 
and vari: 
1 nearly 
output. 
for calib 
output i 
ipprox. 
content | 
under | 
range. | 
2% al 
is made 
ind in rz 


Sot 


lesting 
quency re 
tric Soun 
supplied 
ucts, Ine 
tating hi; 

The T. 
copper Oy 
Bakelite 
ing 1%, Il 
scales 0-] 
with 
ire used 


; 


ion 
to 1.5, 6, 
spectively 
permits ; 
1 dh step 
lvebraic: 
ing to the 
instrumen 
terminal 
elector s 
ociated 
he termi 
\ll sine 
power fre 
an accure 
value. Po: 
wit] 
registered 
bul meas 
pedance 
ight cor 


cuits 


BSR RA rice re 











aetna 








Beat Frequency 
Oscillator 


scale of ~>15” are length, calibrated 
sixty separate points against fre 
ney standards, is a salient feature of 
new “Type TMV-52-E” beat fre 
enev oscillator announced by RCA 
Victor Co., Inc. This scale is calibrated 
rom 20 to 17,000 cycles but the range 
tends beyond, the makers asserting 
as far down as one cycle there is 
no locking in step. Oscillations in this 
we are produced by beating two rf 
oscillators, rectified by a detector, and 
amplified before being fed to the output. 
The manner of accomplishing each step 
is said to differ from older practice. Type 
RCA-840 Radiotrons, employed as radio 
frequency oscillators, are connected in 


eX 





electron-coupled circuits of the tuned 
plate type. Special band-pass filters and 
a mixing circuit designed to obtain the 
proper voltage ratio between the fixed 
and variable frequency oscillators insure 
a nearly pure sine wave in the detector 
output. A reed frequency meter provides 
for calibration adjustments. Open-circuit 
output is 25 volts and load output is 
ipprox. 40 milliwatts. Total harmonic 
content of this oscillator (as shipped) 
under load is <5% over the entire 
range. However, it may be reduced to 

2% above 100 cycles. New oscillator 
is made in portable type (illustrated) 
and in rack mounting type. 





Sound System Testing 
Apparatus 


Testing apparatus to measure the fre 
quency response, ete., of Western Elec 
tric Sound Reproducing Systems is now 
supplied by Electrical Research Prod 
ucts, Inc. as a further means of. facili 
tating high-quality sound reproduction: 

The TA-4145 Test Meter, Fig. 1, is a 
copper oxide rectifier type voltmeter in a 
Bakelite case 344’x514,"x3" high, weigh 
ing 1% lbs., provided with 3 a.c. voltage 
scales 0-1.5, 0-6 and 0-1200. In combina 
tion with a selector switch, these scales 
ire used for measuring a.c. voltages up 
to 1.5, 6, 15, 60, 150 and 1200 volts, re 
spectively. An additional scale of 0-10 
permits reading of “power levels” in 
1 db steps between 18 and +-56 db by 
Ugebraically adding the 0-10 scale read 
ing to the selector switch db setting. The 
instrument has a constant non-inductive 
terminal resistance of 4000 ohms at all 
selector switch settings except for that 
issociated with the 1200-volt scale where 
the terminal resistance is 320,000 ohms. 
\ll sine wave voltages of commercial 
power frequencies may be measured to 
an accuracy of within 5% of full-scale 
value, Power level measurements of cir 
cuits with impedance of 500 ohms are 
registered at the true energy level in db, 
but measurements of circuits with other 
impedances than 500 ohms necessitate a 
Slight correction to the reading. 


The TA 414% Test Meter, Fig. 2, is a 
combination d.c. voltmeter and ohmmeter 
with a self-contained source of emf. It is 
enclosed in a Bakelite case 344"x5! » x 
high and weighing 2 Ibs. The poten 
tiometer on the panel permits compen 
sating for changes in potential of the 
component 4! volt ohmmeter battery 
and 10 binding posts are provided for 
connections. The instrument is equipped 
with three combined  voltage-current 
scales 0-25, 0-500 and 0-1000, which in 
conjunction with the associated binding 





Fig. 1 Fig. 2 
posts permit the measurement of cur 
rents up to 0.01, 0.5 and 10 amperes d.c., 
and voltages up to 25, 100 and 1000 volts 
d.c. An additional scale of 0-100,000, in 
conjunction with proper binding posts, 
permits measurements of resistances not 
exceeding the full scale readings of 10, 
000 and 100,000 ohms. A small two-posi 
tion tumbler switch (V-MA and RES.) 
connects the internal circuit for volt 
meter or ohmmeter use. The voltmeter 
resistance is 1000 ohms per volt 





Selective Relay 
In this new device announced by the 
Gamewell Co., the selectiveness consists 
in disregarding all impulses except a 
definitely timed Developed for 
fire alarm systems and fire pump con 


sign il. 


trol, it is finding applications in starting 
and stopping industrial machinery The 
mechanism is of the spring-driven type 
responding to ipproximately 60 opera 
tions of the controlling electromagnet he 


fore it is run down. It should be wound 





after each operation of the electromag 
net (winding handle provided). Dimen 
a x69," high. Magnet 


410 ohms, and the contact 


sions are 4,,"x77 
resistance is 
capacity 

of contacts are 


amp. ac. or d.c. Two sets 
normally 
closed and normally-open. Either set can 
be used for connections to the circuit to 
be controlled. Additional contacts are 
also provided which close when the re 
lay is run down. These contacts can be 
connected to a local supervisory circuit 


provided: 
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Radiation Pyrometers 
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OUT- RESISTS 
LIVES EXTREME 
THE sicieaaiaimmiialie TEMPER- 
DEVICE COPYRIGHT 19034 ATURES 


JOHN WORLEY JEWEL CO. 


JEWEL 
BEARINGS 


® Consider the use of sapphire bearings for 
your instruments or small machines. 


A sapphire bearing is next to a dia- 
mond in hardness—cannot corrode— 
lessens friction—will retain its original 
high efficiency indefinitely. 


All types of jewel bearings are manu- 
factured from the rough stone to the 
finished product in our own plant. Our 
customers are not troubled with their 
production held up because of imported 
jewels being delayed. 


You will find it to your advantage to 
let us quote on your present jewel bear- 
ings or to let us work with your engi- 
neers in bringing their advantages to 
your instruments. 


JOHN WORLEY JEWEL CO. 
SINCE 1900 
WALTHAM, MASSACHUSETTS 











MANUFACTURERS’ 
NEW LITERATURE 


In this department we list each month the printed 
matter Issued by manufacturers. Unless otherwise 
noted, any of the Items listed may be secured free 
upon application to the issuing firm. Manufacturers who 
have not yet sent in their printed matter are invited 
to do so. 





ClLO2 Vibrating - Reed Tachometers. 
Bulletin 1390 tabulates the special 
haracteristics of Frahm 
reed tachomet principle of 
operation, construction, method of read- 
ng, proper vibration amplitude, special 
damping-bar, mounting, amplitude at- 

chment, ranges and intervals between 
types of Frahm vibrating-reed 
tachometers, James G. Biddle Co., 1211 
Arch St Philadelphia, Pa 


CLOS Rapid Inductance and Capacity 
Measurements. Bulletin 100 describes 
the Type 165 Reactance Meter. Theory 
ind operation are discussed 


ers: covers 


reeds, 


C104 Combustion Controller. Bulletin 
C'yvpe B briefly describes the Selasette 
ymbustion controller for furnace at- 
mosphere control Selas Co Philadel- 
phia, Pa 
Pox ket 
gage 
sheet 


Thickness 
et describes new thickness 
or measuring paper, rubber, 
card board, veneer, glass, leather, 
wire, ete G Ames Co., Waltham, 


Mass 


Dial Gage. 


Gravitometers for Gases and 
t-page bulletin describes: Re- 
gas gravitometer, portable gas 
liquid gravitometer. George 
Binckley. 857 S. San Pedro St., 
Calif 


(7106 
Liquids. 
cording 
balance, 
Sydney 
Los Angeles, 
Instruments in Indus- 
Bulletin 1134 discusses 
the application of recording’ instru- 
ments for testing brakes and brake 
lining. Esterline-Angus Co., Indianapo- 
lis, Ind 


CLOT Graphie 
trial Research. 
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“Fulscope” 

Control of temperature, pressure, flow 
and liquid level (or combinations there 
of) according to a predetermined time 
schedule, is effected by this new instru 
ment brought out by Taylor Instrument 
Companies. Housing the instrument in 
two standard cases, rigidly mounted as 
t unit, permits visibility of both chart 
and cam, use of large chart size cams 
and of a simple and sturdy timing mech 
inism, accessibility of working parts, and 
separate chart and cam rotations which 
illow different revolution. 
The right-hand case contains the record 
ing chart and controlling 
mechanism with universal sensitivity ad 
juster (see Jnstruments, April 1934, page 
81) by means of which process time lag 


periods of 


a “Fulscope” 


is met and throttling control assured. 
The left-hand case houses the cam and 


rotating mechanism and the several aux 
iliary devices to perform additional func- 
tions in the The desired time 
schedule by which the controlled tem 
perature, pressure, flow or liquid level is 
cam: As it ro 
accordance 
trans 


pre CESS, 


changed, is cut on the 
rider is moved in 
contour. This motion is 


tates, a 
with its 





Time Schedule Controller 


mitted through a suitable linkage | é 
“Fulscope” control system in th 
hand case, to change the control 
This correspondingly varies the air pr 


sure delivered by a pilot air va 
the diaphragm-motor of a control 


which in turn changes the flow 
controlled medium to the app 
under control. An auxiliary trip 


valve can be operated at the end 
at any point during the process, to | 
on or off air pressure to a diaphra 
motor Such an 
used desired to shu 
steam and turn on cooling water 
end of the cycle. Also, a trip 
can be combined with this trip valy« 
sound an alarm when this 
takes place. If a complete schedule do 
not comprise a whole cam revolution, t! 
cam can be made to continue its rotati 
to the beginning of the cycle and 

be stopped by an automatic clock 

per. A tumbler switch is provided to cut 
out the cam motor circuit at will. Bot! 
cam and chart are rotated by sep 
electric clocks, which may or may 1 

of the same periods of revolution 


valve. accessory ( 


where it is 


Ope ratior 





2” Throat Pocket Gage 


\ deep that measures 
thicknesses of sheets 2” in from the edge 
is announced by the B. C. Ames Co. It 
can be carried in the pocket, and is quick 
to operate since the anvils are opened 
by pressing down the lever at top, and 
closed with a uniform spring tension by 
releasing the lever. Capacity for materi 
thickness. The 2” dial 
is graduated in thousandths, but finer 
are easily estimated. A 
to back fractions 


throat gage 
Qn 


als up to yy” in 
measurements 


chart attached gives 


ind decimal equivalents. The frame is of 
bronze, chrome plated; the cry stal is un 
breakable, and other parts are rustless. 





Volt-ohm-milliammeter 
in Kit Form 


Announcement by The Triplett | 
trical Instrument Co. that its “No 
volt-ohm-milliammeter is 
in kit form, designed for use with 
in shop equipment, will interest 


now 1 














men who desire to assemble thei 
test sets or who want instrume: 
meet special space requirements 


instrument is same as “Master M 
except that it does not have the 
adjustable feature, batteries or ¢ 
is furnished complete with all 
resistors, capacitors, coils, drillir 
plate, blue prints and instructions 
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Flow Controllers, 
Proportioners, etc. 


Several new equipments are announced 
hy Schutte & Koerting for automatic and 
manual control of flow rate and propor 
tioning, all of them embodying one or 
~“Rotameter” flow-measuring de 


more 
vic Fig. 1 shows an all-electric flow 
’ ol system wherein the primary ele 





rLOw 
REGUL ATIN : 
VALVE 
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MAGNE T 
NSION Fi a 
RELA w 
a NTR 
Nit 
Fig. 1 


ment “Rotameter” to the rotor of 
whieh is attached an extension rod car 
rvying on its lower end a short core piece 
moving up and down a well with rate 
Around the outside of the 
two transformers, their 
primaries connected to an a.-c. source 
and their secondaries to relays com 
manding a valve operating unit, such as 
those made by the Automatic Tempera 
ture Control Co. The transformer coils 
ire vertically adjustable, either as a pair 
or separately, for either rate setting or 
differential setting. The new air-operated 
flow control system embodies an electric 
transmitting “Rotameter” somewhat sim 
that in Fig. 1 but this is 
nected to a recording-controlling watt 
meter such as that of The Bristol Co., 
wherein a vane type pilot air valve is 
wtuated, thus commanding a diaphragm 
motor valve on the pipe conveying the 
fluid to be controlled. The recording 
wattmeter pen serves as an_ indicator, 
iwainst which the reading of the float 
type primary element may be compared 
it any time for checking the perform 
ince of the transmitting system; beside 
furnishing graphic records of the flow 
rate on round charts. Rate setting is 
iccomplished by turning a knob in the 
recording wattmeter case. 

The new automatic proportioners are 
entirely self-contained. Fig. 2 
system for treating a_ relatively 


is a 


variations. 
well are coiled 


ilar to con 


shows one 


large 


ROTAMETER FOR 
TREATING FLUID 
CONTROL 


Ps 








floy 


of one fluid with a relatively smal! 

of secondary fluid. The main flow 
letermines the height of the rotor in 
the “Mixing Rotameter” and hence the 
height of a proportioning plunger in a 
ted sleeve, thus holding a given ratio 
1! primary fluid and treating fluid. The 
ratio is set by adjusting the effective 
width of the slot, this being accomplished 
idjusting the extent of coincidence 


flo 


( 


DY 


ot the slots in the inner and outer sleeves 
within the proportioning chamber. The 
arrangement illustrated is used only 
when the treating fluid flow is <5% of 
the primary fluid flow. For higher ratios 
Schutte & Koerting supply arrangements 
wherein the mixing of the fluids 
takes place after the primary fluid has 
passed through a “Mixing Rotameter.” 

For distillation processes a Tail 
Bow, Fig. 3, is announced, consisting 
essentially of the four parts annotated 


two 


new 


Fig. 3 


The top of the flow-metering tube is so 
shaped that a compact stream pours over 
one spot without obstructing view from 


convenient angles 





Rotameter Safety Head 
In most “Rotameter” flow 
indicators, the top-like float moves inside 
a glass tube. In some applications it is 


models of 


found impossible to prevent flow surges 







when starting up proc 

essing units, and such 

urges cause the rotor 

Roror to strike the up 
STOF LET 


per end of the 
fracturing it 
Schutte 


META tube, 


SLEEVE 
sooner or later 
GLASS . 

METERING & Koerting announce a 
TUBE . 

safety head wherein the 
upper stop is separate 
from the glass tube, so 
that 


stop and is not transmitted to the 


shock is absorbed 


by the 


tube. A violent surge, in fact, sends up 
the float beyond the upper end of the 
v'ass tube into a metal sleeve 





Thermostatic Steam Trap 

Latest “No. 9” series of 
Sareo differs that it 
be used for fluctuating pressure 0 to 200 


addition to 


from others in can 


Ibs. in.2, requires no adjustment in the 
field 
express!) 


when steam pressures change, is 
for draining high 


ind jackets of industrial 


cle Slee ad 
pressure coils 


heating and processing equipment 





X-Ray Shield 


\ new X-ray shield of Bakelite Lami 
nated and lead, developed by Joseph C 
tah & Co. is designed for port ible 
shock-proof X-ray equipment for indus 
trial purposes, such as X-raying castings 
ind joints. The shield is made by wrap- 
ping a Bakelite Laminated tube on a 
mandrel and curing it hard enough to 
permit machining. A groove cut 
into it and lead foil is rolled in, of thick 
depending upon the penetrating 
powers of X-rays. Additional varnish 
impregnated paper is wrapped on, and 
the whole shield is cured properly. The 


is then 


ness 


Bakelite Laminated tube, when tested, 
was opaque to X-rays generated by 
125,000 volts and resisted a flashover of 


130,000 volts 








Surface Temperatures 






Fiat 

Stationary “it The “Alnor” 

or 

pie | Combination Pyrocon 
—— Ideal for rolls, molds, 


plates, platens and 
plastic material temper- 
atures. 
Write for bulletin. 
f illinois Testing Laboratories, Inc. 
142 W. Austin Ave. Chicago, lilinels 











ClLOS Open Hearth Furnace Control, 
6-page eaflet describes mplet fur 
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The leatlet t what t 
ind how Leed \ N t! ip ¢ 
Stenton Ave., VPhiladelp) a 
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CLLO Paper Testing Instruments. | 
letin No. 1420 lustrate ind d 
the following instrument 31 
Tester, Stiffness Teste nd 
meter, W. & L. KE. Gurls T . 

Clll Bleetronies and Electron Tubes. 
Three publicatior on theoret i { 
experimental electronics and elect 
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Synchronizing Relay 

Featuring automatic compensation for 
errors due to source voltage difference 
and control-voltage variations, a syn- 
chronizing relay which may be used for 
cither machine 
synchronizing or 
line synehroniz 
ing in either 
1.utomatic or 
manual stations, 
has been an 
nounced by the 
General  Elec- 
tric Co. Its es 
sential element 
is an advance 
transformer op 
erating through 
i pair of ther 
mionic tubes to 
control  auxili 
iry relays so 
that the break 
er closure is 
initiated with the proper advance time, 
according to the operating time of the 
breaker, to effect breaker closure near 
the exact instant of zero phase displace- 
ment. (See article by Holland on page 
88.) All tubes and the few moving parts 
(illustrated) are mounted in a 5%, by 
16” universal case, and the network com 
ponents are mounted in an auxiliary box 
911, by 17” supported on the relay studs 
behind the panel 








Illumination Control Relay 

For automatically controlling either 
outdoor or indoor lighting systems, 
“Model 709” Illumination Control Relay 
innounced by the Weston Elec. Instru 
ment Corp. 
turns lights on 
ind off in ac 
cordance with 
the natural light 
intensity so that 
i predetermined 
level of illumi 
nation may be 
maintained. It 
consists of a 
small panel on 
which are 
mounted two 
Sensitrol relays, 
for turning 
lights on and 
turning them off. Each relay may be in 
dependently adjusted and the value at 
which it operates may be selected from 
a calibrated scale. It is said that the ad 
vanced design of the contact circuit in 
Sensitrol Relays permits high sensitivity 
combined with a relatively high contact 
pressure. The energy for their operation 
is obtained from either one or three 
Weston Photronic cells. When daylight 
diminishes to a predetermined level the 
contacts of the “turn on” relay close and 
complete a circuit to a small induction 
motor which, in turn, drives a small cam. 
This cam rocks a mercury switch, com 
pleting the lighting circuit. At the same 
time it locks out and resets the “turn on” 
relay. The motor stops, leaving the lights 
on and releasing the “turn off” relay 
from its locked out position so that when 
the light intensity rises to the desired 
operating value, the lights will be turned 
off. This same procedure occurs when 
the “turn off” relay makes contact. The 
entire operation is completed in about 
one minute. This operating interval 
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prevents continuous operation due to 
shadows falling upon the Photronic cell 
For street lighting applications each 
Sensitrol relay is calibrated from 0 to 2 
foot-candles permitting a low operating 
value of 0.5 foot-candle. A weatherproof 
light target, containing three Photronic 
cells, actuates the relays. For interior 
illumination control, the relay panel is 
issembled in cast aluminum cabinet for 
wall mounting. A single Photronic cell, 
enclosed in a suitable case with a glass 
front, may be mounted in any location 
desired. The relay scales are calibrated 
from 10 to 20 foot-candles “turn on” and 
20 to 30 foot-candles “turn off” although 
any range may be supplied. The operat 
ing point is selected by simply moving an 
index arm over the calibrated scale. 


Volt-hour Meter 

The “Exide Float Meter” has been 
brought out by The Electric Storage Bat 
tery Co. as a means of (1) determining 
the average voltage of a d.-c. circuit over 
any definite period of time within the 
capacity of the meter or (2) indicating 
from day to day (over a period of either 
two weeks or one month) whether or not 
the voltage is being maintained at ap- 
proximately the proper value. It is par- 
ticularly adapted for use with batteries 
which are unattended a large part of the 
time. It comprises an electrolytic cell in 
the upper part of the housing, and a 
measuring tube into which the mercury 
drops as it is deposited on the cathode. 
The electrolytic element consists of a 
mercury anode A which rests on a disk 
of porous glass B, the latter allowing 
comparatively free circulation of the 
mercuric iodide electrolyte but prevent 
ing the mercury from passing through it 
































The cathode C is a carbon pellet placed 
just beneath the porous disk. The pass 
age of current tends to plate on the 
anode an amount of mercury propor- 
tional to the current flowing. The mer- 
cury does not stick to the carbon cathode 
but drops into measuring tube D. The 
rate at which mercury is deposited is in 
turn proportional to the voltage im- 
pressed across the terminals of the meter. 
When the tube is approximately full (or 
at the end of a shorter period of time) 
the meter is reset at zero by inverting 
the element frame which is pivoted near 
the top of the upper housing. The value 
of resistance R for any given size of 
battery is such that 0.005 to 0.010 amp. 


flows through the circuit. The 
consumption is therefore ordinari 
ligible. As the element is herme 
sealed, there is no appreciable det 
tion. The aim has been to secure 
proximate accuracy of 0.25% (0.0 
per cell) in the calculated average vy: 
The meter measures 41/,”x31/,”x1] 
can be sealed against unauthoriz 
setting or removal. Its principal 
cations are in connection with “f 
batteries, where it is desired to m 
a recommended average voltage, 
railway signal and interlocking, e|; 
power control, emergency light 
power, telephone and other stati 
services. 


Phototube Relay 


Employing a standardized com: 
gaseous type phototube, the new re 
nounced by the Miles Reproducer | 
self-contained in a portable housi 





either open or ¢ 
circuit 
control of illumi: 
or operation ot 
relay. External ser 
ity adjustment i 
vided. Relay is 
to operate equipme 
to 200 watts non-ind 
load at 110 volts d.c. or 600 watt 
inductive load at 110 volts ac 
model consumes approx. 7 watt 
model approx. 40 watts; battery 
requires two 45-volt “B” batteri« 


operation 








shown. Three exter 
connections peri 
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Apparatus for Mounting 


Microscope Specimens 
The problem of mounting meta 
mens, like small wires, sheets, 
powders, etc., which are to be exar 


microscopically, has been minimized 


rese irch hal 
ries which | 


—_ new metho 
mounting 
Bakelite n 
The proce 










; 


ables a st 
ized = routine 
uniformit 


grinding and 


is said to 


r 





fig.2 


of Bakelite molded to the specimens 
dom from relief polish, margi! 
crevices; uniform shape of mount! 
convenience of handling; reagent 
tance, and time saving and econo! 
this purpose a new hydraulic pre 
1, has been designed and develo} 
the Wilkens-Anderson Co. An} 
specimen can be mounted easily ir 
lite molded (see Fig. 2). The op 
is clean and rapid. Various colo! 
be selected to obtain the best « 
with specimens. 


ishing operatior 
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cently pe rrected 


absolute adher 
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Voltage Regulators 

new automatic voltage regu 
developed for use on branch 
rs and for sections of long feeders, 
been introduced by the General 


ee 


Electric Co.: 
A new 
ve regulator 
ition of branch and 
in limits ranging from a 10% boost 
10% lower. It operates in the same 
ner as a conventional station-type 
nduction regulator but, being designed 


branch-feeder induction 
provides automatic 
rural lines, 


ole mounting, requires no land pur 

chase or foundation. Either automatic or 

manual operation can be obtained. It is 

built in 12- and 24-kv-a. sizes for 2400 
50- and 100- amp., and 4800-volt, 

95- and 50-amp. 60-cycle circuits. 

2) A new branch-feeder step voltage 


re culator, suitable for pole mounting, pro 
vides four steps of 214% each, which 
can be arranged for all boost, all lower, 
er anv combination of boost and lower, 
within the 10% total range. It is con 
trolled by a contact-making voltmeter 
wting in conjunction with a motor-relay 
switch. Through reduction gears, a motor 
stretches two springs which, when re 
leased, pull a moving contact from one 
position to another at high speed. Dur- 
ing the momentary switching interval, 
the load current is carried by a Thyrite 
by-pass, providing continuity of service 
The control equipment, in a weather 
proof cabinet, may be mounted on the 
tank or at the pole base. By means of 
turn-button switches, the voltmeter can 
be disconnected and the regulator oper 
ited by manual control of the motor. A 
dial on the outside of the tank shows the 
operating position. This regulator is 
ivailable in 5-, 10-, 15-, and 25-kv-a 
sizes, for 2400 and 4800-volt, 60-cycle 
70 amp. or less. 


circuits, 

(3) A new branch-feeder step voltage 
booster (illustrated) provides a single 
definite boost in feeder voltage when 
required by periodic heavy demands 
from domestic peaks or factory-lighting 
loads. Whenever the voltage on a circuit 
drops below a predetermined level the 
booster automatically provides a single 
boost of either 21/,, 5, 714, or 10%. Then, 
should the voltage exceed a predeter 
mined upper level, the booster returns to 
a neutral position and remains there 
until the voltage again drops below the 
lower limit. As the tapped portion of 
the winding has four 21/,% sections, the 
booster can also be connected to provide: 
(1) a 24%4% continuous rise and a 214, 5 
or 714% automatic boost; (2) a 5% 
continuous rise and a 2! »%o or 5% auto 
matie boost; (3) a 7! »% continuous rise 
and a 21/,% automatic boost. In addition 
the winding can be connected to lower 








the voltage, instead of boost it; or to 
provide any combination of continuous 
lower and single automatic boost, or vice 
versa, Within the range of the four 2 
sections of the tapped winding. Switch 
ing from neutral to boost position is in 
stantly effected by a double-throw con 
ictuated by a 
relay. This new booster is designed for 
2400-volt, 60-cycle circuits of 70 
or less, and is available in 5 ratings of 
1.5, 3.0, 5.0, 10.0, and 15.0 kv-a 


tactor resonant voltage 


Unips 





Precision Transformers 

Superlative quality is announced as 
the principal distinction between the new 
“Precision DeLuxe” line and the regular 
line of audio transformers produced by 
the American Transformer Co. New line 
comprises 12 models for line-to-grid, 10 
for mixing applications, 5 interstage and 
8 plate-to-line Response of all 35 designs 
is guaranteed uniform within db from 
30 to 16,000 cycles but it is said that 
“a majority” of the designs have far 


better characteristics. These units are 
said to “establish entirely new standards 
for low insertion loss, regulation, con 
stant input impedance it all frequencies, 
distortion, 


low wave-form negligible 


phase shifts and low leakage inductance.” 





Laminated Contacts 
A new electrical contact button made 
of fine silver backed-up with steel is 
announced by the General Plate Co. It 
is stated that these laminated buttons 
“cost far less and actually wear longer 
than solid silver.” They can be furnished 


STEEL BACK 


SILVER FACE 


with back projections to facilitate spot 
welding to steel, brass or copper sup 
porting members It is further stated 
that this type of button does not lose its 
shape even when contacts vibrate and 
pound together They are made with flat 
or dome contact faces, in all sizes 





Insulated Resistor 
A new 14-watt insulated carbon resis 
tor announced by the Erie Resistor Corp 
consists of a molded carbon. resistance 
unit enclosed in a ceramic case. Leads 
ire brought out at the ends to facilitate 


wiring and insulation with spaghetti, if 


necessary. The ceramic insulation is said 
“shorts” even in 
Including — the 


to eliminate danger of 
the smallest spaces. 
ceramic shell, over-all dimensions (43x 
~") are smaller than for the corre 
sponding non-insulated Erie Resistor 
New resistors simplify installation prob 
lems: e.g., they can be placed inside I.F 
transformer cans without requiring fur 


i 


— a er 


ther insulation. They embody improved 


color coding: color bands completely en 


circling the ceramic shell, arranged ac 


cording to RMA standards, and when 


specified, a fourth band specifying tol 


erance., 





Cabinet Type Panel 
\ cabinet type steel meter pane 


equipped with doors to protect and co 


ceal meter and control connection 
now being offered by Bailey Meter Cs 
Illustration show 


view from the re 
Klectrica connec 
tions, control mec 
LISTS ind meter 
idjustments in 
ed within the cal 
inet can be Kept 
under lo« k and ke 
(ine prece tec 
late fronts 

ide Vinmetrne 


ind uniforn 














pearance regare 

less of the qu inftit 
or type oft meters and instrument j 
stalled on them. “Self-supporting” 


struction, which facilitates installatio 
is secured by bending the = side of t 
panel back to form supporting wing | 


iddition, a concealed base flange drilled 
interval provide tie 


for bolting or lagging the panel 


it convenient 


In place 





Duct Pattern Humidity & 
Temperature Controllers 


\ new line of Insertion Humidistat 
and Thermostats for air-conditioning cal 
inets, incubators, ducts, laboratory test 
cabinets, ete., has been brought out by 
Julien P. Friez & Sons, Ine. Hbustratic 
shows the thermostat: the humidistat i 





Both ire i tilal 


either with “Increase” and “Decrease 


of similar appearances 


graduated ettir 


] 
pec | 
| Ma 


markings or with 
scales; and in variou forms i 


tyre 


number of electrical contacting 





Aircraft Transmitter 
\ new long-distance telegraph tt 
mitter weighing 15 Ib ind deliveri 
nominal 75 watts of continuou eC} 
power to the antenna i innounced 
the radio division of Westinghouse Ele« 
tric & Mfg. Co. New “CH” transmitte 
operates on frequencies ranging frot 
333 to LOOO0 ke. by means of plug In col 
issemblies, from the 12-volt batter 
tem of the pl ine through dynamotor 


posely cle igned for aircraft service 
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INSTRUMENTS INDEX 


Devices for Measurement, Inspection, Testing or Control 


section of 
Publishing 


requirements. 


require in this 


Instruments 


lf you are unable to find what you 


NSTRUMENTS, write Information Section, 


information of 


Company. Give complete 





AIR METERS 
American Meter Co 
Bailey Meter Co 
George Sidney Binckley 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Taylor Instrument Cos 
ALTIMETERS 
J. P. Friez & Sons, Inc 
General Electric Co 
Taylor Instrument Cos 


ALTITUDE BAROMETER 


P. Friez & Sons, Inc. 
Taylor Instrument Cos 
AMMETERS—Indicating 

General Electric Co 
General Radio Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co 


Westinghouse E.& M.Co 
Weston Elec. Inst. Corp 
Recording 


Bristol Company 
Brown Instrument Co. 
General Electric Co 
Pioneer Instrument Co 
Roller-Smith Co 
Westinghouse E.& M.Co 
ANEMOMETERS 
Bristol Company 
J}. P. Friez & Sons, Inc 
Taylor Instrument Cos 
ASPHALT TESTING 
APPARATUS 
raylor Instrument Cos 
ASTRONOMICAL 
INSTRUMENTS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
ATTENUATION NET- 
WORKS 
General Radio Company 
Ward Leonard Elec. Co 
AUDIO-FREQUENCY 


OSCILLATORS 
General Radio Company 
BALANCES 


Roller-Smith Co 
BALANCING MACHINES 

General Electric Co 
BAROMETERS 

Bristol Company 

J. P. Friez & Sons, Inc 

Gaertner Scientific Corp. 

Taylor Instrument Cos 
BATTERY TESTERS 

Roller-Smith Co 

Weston Elec. Inst. Corp 
BEARING TESTERS 
BEATING TESTERS 

Testing Machines, Inc 
BIMETAL ELEMENTS 

W. M. Chace Valve Co 
BOARDS: INSTRUMENT 

Bailey Meter Co, 

Bristol Co 

Brown Instrument Co 

Foxboro Co 

Taylor Instrument Cos 

Thwing Instrument Co. 

Westinghouse E.& M.Co 
BOILER METERS 

American Meter Co 

Bailey Meter Co 

George Sydney Binckley 
BRAKE TESTING 

METERS 

Rawson Elec. Inst. Co 

BRIDGES. ELECTRICAL 


Capacity, Inductance, Kelvin 


Resistance, Temperature, 

Wheatstone, Percent 
General Electric Co 
General Radio Co 
Roller-Smith Co 
Shallcross Mfg. Co 
Thwing Instrument Co 

CABLE TESTERS 
Rawson Elec. Inst. Co 
Roller-Smith Co 

CALORIMETERS 
American Meter Co 
Gaertner Scientific Corp 

CAPACITANCE METERS 
General Electric Co 
General Radio Co 
Roller-Smith Co 
Weston Elec. Inst Corp. 

CARBON DIOXIDE 

METERS 


Brown Instrument Co 
Foxboro Co 
CATHETOMETERS 
Gaertner Scientific Corp 
CHRONOGRAPHS AND 
CHRONOMETERS 
Gaertner Scientific Corp 
Genera! Electric Co 
Genera! Radio Co 
CLINOMETERS 
CLOCK S—Gage Board 
Brown Instrument Co 
Bristol Company 
Foxboro Co 
Pioneer Instrument Co. 


coILs 

Resistance, Inductance, 

Special 
General Electric Co. 
General Radio Co. 
Roller-Smith Co 
Shallcross Mfg. Co 
Ward Leonard Elec. Co 
Westinghouse E.& M.¢ 

COIL TESTING EQUIP- 

MENTS 


General Electric Co. 
Kurman Electric Co 
Roller-Smith Co. 
Thwing Instrument Co. 
Westinghouse E.& M.Co 


COLORIMETERS 
Bausch & Lomb Opt. Co. 
General Electric Co 
Thwing Instrument Co 
COMBUSTION CONTROL 
EQUIPMENT 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Pioneer Instrument Co 
COMMUNICATION 
MEASURING 
INSTRUMENTS 
General Radio Company 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Shallcross Mfg. Co 
COMPARATORS 
Gaertner Scientific Corp 
General Electric Co. 
COMPASSES 
Pioneer Instrument Co. 
Taylor Instrument Cos 
CONDENSERS—Electrical 
General Electric Co 
General Radio Co 
Westinghouse E 


M 
CONDUCTIVITY METERS 


Indicating, Recording, 
Controlling 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
CONTOUR MEASURING 
PROJECTOR 
Bausch & Lomb Opt. Co 
CONTROLS, AUTOMATIC 
Combustion 
Bailey Meter Co. 
Condensation 
Bristol Company 
Taylor Instrument Cos 
Damper 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
P. Friez & Sons, Inc. 
Pioneer Instrument Co 
Taylor Instrument Cos. 
Wilbin Instrument Co 
Feed Water 
American Meter Co 
Bailey Meter Co. 
Bristol Co. 
Brown Instrument Co 
Foxboro Co 
Filter Rate 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Flow 
American Meter Co. 
Bailey Meter Co 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos 
Humidity 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Humidity & Temperature 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Wilbin Instrument Co. 
Lighting 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
Liquid Level 
American Meter Co. 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Go. 
Taylor Instrument Cos. 
Pressure & Vacuum 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 


Pyrometer 
tailey Meter Co 
sristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Wilbin Instrument Co 
Rate- Volume 
American Meter Co 
Foxboro Co 
Refrigeration 
Bristol Company 
Brown Instrument Co. 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Wilbin Instrument Co 
Specific Gravity 
Bailey Meter Co 
Tachometer 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co 
Westinghouse bE. & M.¢ 
Weston Elec. Inst. Corp 
Temperature-Time 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Thermometer 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Thermostat 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
Taylor Instrument Cos 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Time 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Vacuum 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Taylor Instrument Cos. 
Valve—Motor - Operated 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Voltage A. C. 
Ward Leonard Elec. Co. 
Water Level 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
COUNTERS—Magnetic 
Thwing Instrument Co. 
Revolution 
Bristol Company 
Brown Instrument Co. 
Pioneer Instrument Co. 
Stroke 
Bristol Company 
CUBIC FOOT BOTTLES 
American Meter Co 
CURRENT RECORDERS 
Bristol Company 
yeneral Electric Co. 
Roller-Smith Co. 
CYCLE CONTROLLERS 
Bristol Company 
CYCLE COUNTERS 
— neral Radio = tt) 


Vestinghouse & M.Co 
DEMAND METERS 
Gas 
Foxboro Co 
Electric: Indicating, Re- 


cording, Printing 
General Electric Co. 
Westinghouse E.& M.C« 
DIMMERS 
Ward Leonard Elec. Co. 
DIVIDING MACHINES 


Gaertner Scientific Corp. 
DRAFT GAGES—See Gages 


DYNAMOMETERS 
General Electric Co 
Rawson Elec. Inst. Co. 
Weston Elec. Inst. Corp 


EARTH CURRENT 
METERS 
Rawson Elec. Inst. Co 
Roiler-Smith Co 
ELECTRIC TELEMETERS 
—See Remote Metering 
Equipment 
ELECTRIC WAVE 
FILTER SECTIONS 
General Radio Company 
ELECTRONIC METERS 
General Electric Co. 
General Radio Co. 
pa Elec, Inst. Co 
ghouse E.& M.Co 
FAULT. FINDERS 
Roller-Smith Co. 
Weston Elec. Inst. Corp 
FIELD RHEOSTATS 
Ward Leonard Elec. Co 
FLASH & BURNING 
POINT TESTERS 
Taylor Instrument Cos 
FLOW METERS 
Indicating 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co 
Pioneer Instrument Co 
Indicating & Recording 
American Meter Co 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Integrating & Recording 
American Meter Ce. 
FLUE GAS ANALYZERS 
Brown Instrument Co. 
FLUXMETERS 
Rawson Elec. Inst. Co. 
FOLDING. ENDURANCE 
TESTERS 
Testing Machines, Inc. 
FOOT-CANDLE METERS 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
FREENESS TESTERS 
Testing Machines, Inc. 


Pressure & Vacuum 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Rain 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Recor ding—Distance 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co 
Taylor Instrument Cos 
Strain 
General Electric Co 
Vacuum 
General Electric Co 
Taylor Instrument Cos 
Volume 
American Meter Co 
Brown Instrument Co 
Foxboro Co 
Wind 
Bristol] Company 
Brown Instrument Co. 
J. P. Friez & Sons, Inc 
GALVANOMETERS 
American Meter Co. 
Brown Instrument Co. 
General Radio Co. 
Rawson Elec. Inst. Co 
Roller-Smith Co. 
Taylor Instrument Cos 
Thwing Instrument Co 
Westinghouse E.& M.¢ 
Weston Elec. Inst. Corp. 
Mirrors 
Fish-Schurman Corp. 
GAS ANALYTICAL 
METERS 
Electrical 
Brown Instrument Co. 
GAS FLOW INDICATORS 
American Meter Co. 
George Sidney Binckley 


GAS LEAK INDICATORS 
Taylor Instrument Cos. 


HYGROMETERS 

Brown Instr 

Foxboro Co 

J. P. Friez & s 

Taylor Instru 
ILLUMINOMETE 

Westing! 

Weston El I 
INDICATORS—s Ages 
INDUCTANCES 

General Radix 
INSTRUMENT CALigpa 

TION AND REPAIR: 

J. P. Friez & S Inc. 

Rawson Elec. Ir 

Roller-Smith ( 

Weston Elec. Ir > 
INSTRUMENT TRANs. 

FORMERS 

General Elect: 

Roller-Smith ( 

Westingh ¢ 

Weston E lec lr 
Split Core 

Roller Smith ( 

Westing 
weet itd TESTING 

EQUIP NT 

General ome ‘ 

Roller ~ th 


Westing 
INTERFEROMETE RS 
Gaertner Scient Cor 


KEYS AND Swirc HES 

General Ra 
LABORATORY APPARAT\Us 

Fish-Schurman Corp 
LABORATORY RHE@. 

STATS 

General Radio Company 

Ward Leonard Elec Co 
LACTOMETERS 

Taylor Instrument Cos 
LENSES 

Bausch & Lomb Opt. ¢ 
LEVELS 
Engineer’s, Wye, Precision 
Prism 

Taylor Instrument Cos 








ES 


Instrument Fuses, also Auto, Radio, High Voltage, 

Aircraft, Neon Potential Fuses and 
Send for catalog 

LITTELFUSE LABORATORIES 

4513 Ravenswood Ave. 


ndicators 





Chicago, Il, 





FREQUENCY METERS 
Indicating 
General Electric Co. 
Roller-Smith Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
Recording 
Bristol Company 
General Electric Co. 
Westinghouse E.& M.¢ 
Standards 
General Radio Co. 
FRITTED GLASS 
Fish-Schurman Corp. 
FURNACE CONTROLS 
Bailey Meter Co. 
Bristol Company 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
GAGES 
Absolute Pressure 
American Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Differential Pressure 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co 
Taylor Instrument Cos. 
Draft 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos. 
Drill 
Bausch & Lomb Opt. Co. 
Flow 
American Meter Co. 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co 
Liquid Level 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc 
Pioneer Instrument Co 
Taylor Instrument Cos. 
Paper Thickness—Con- 
tinuous 
Thwing Instrument Co. 
Pressure 
American Meter Co 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Pressure- Temperature 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 


GAS-METERS 
American Meter Co 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co 
Foxboro Co. 
Dry Test 
American Meter Co 
West Test 
American Meter Co 


GOVERNORS 
Pressure 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Taylor Instrument Cos 
Pump 
Bailey Meter Co. 
Taylor Instrument Cos. 
GRAVITOMETERS 
American Meter Co. 
George Sidney Binckley 
Thwing Instrument Co. 
GROUND DETECTORS 
Roller-Smith Co. 
Weston Elee. Inst. Corp 
HARDNESS TESTERS 
Testing Machines, Inc. 
HIGH FREQUENCY 
APPARATUS 
yeneral Radio Co. 
Rawson Elec. Inst. Co 
Roller-Smith Co. 
Westinghouse F.& M.¢ 
Weston Elec. Inst. Corp 
HIGH VOLTAGE 
Indicators 
Roller-Smith Co 
Shallcross Mfg. Co 
Westinghouse E.& M.C« 
Weston Elec. Inst. Corp 
Measuring Devices 
General Electric Co. 
Roller-Smith Co. 
Shallcross Mfg. C ng 
Westinghouse E Cr 
Weston Elec. —y seg 
Testing Devices 
General Electric Co. 
Westinghouse E.& M.¢ 
HOUR COUNTERS 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp 
HUMIDITY CON- 
TROLLERS 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Wilbin Instrument Co. 
HUMIDITY RECORDERS 
Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J.P. Friez & Sons, Inc 
Taylor Instrument Cos 
Thwing Instrument Co. 
HYDROMETERS 
Taylor Instrument Cos. 


LIGHT SOURCES 
Fish-Schurman Cort 
Westing! ki. & 

LIQUID LEVEL 

RECORDERS 
American Meter ( 
Bailey Meter Co 
George Sidney Binckley 
Bristol Company 
Brown Instrument ( 
Foxboro Co 
J. P. Friez & Sons, Inc 
Pioneer Instrument Ce. 
Taylor Instrument Cos 

MAGNETIC INSPECTORS 
Kurman Electric Co 

MAGNETIC RELAYS 
J. P. Friez & Sons, Inc 
Kurman Electric Co 
Roller-Smith Ce 
Ward Leonard Elec. ( 

MAGNETOMETERS 
Roller-Smith Co 

MANOMETERS 
Bailey Meter Co 
George Sidney Binckley 
Bristol Company 
Brown Instrument ( 
Foxboro Co 

MASTER CLOCKS 
Gaertner Scientific Corp 
General Electric ( 

MEGOHMMETERS 
General Radio ¢ 
Roller-Smith C¢ 

MEGOHM VOLTMETERS 
Roller-Smith ¢ 
Weston Elec. Inst. Corp 

MICROAMMETERS 
General Electric ¢ 
Rawson Elec. Inst. (¢ 
Roller-Smith € 
Westinghouse E. & M.( 
Weston Elec. Inst. Cort 

MICROFARADMETERS 
General Radio (¢ 
Roller-Smith C¢ 
Weston Elec. Inst. ( 

MICROMETERS 
Gaertner Scientific ‘ 
Testing Machines, In 

MICROSCOPES 

Biological 
Bausch & Lomb Opt 

Brinell 
Gaertner Scientific Cort 
Testing Machir In 

Measuring 
Bausch & Lon . 
Gaertner Scientific Corp 

Metallographic 
Bausch & Lon 

Petrographical ‘ 
Bausch & Lomb Opt. ' 

MICROTOMES 
Bausch & Lomb 0 

MILLIAMMETERS 
Bristol Company 
General Electr 
General Radio | 4 
Rawson Elec. In-'. ‘ 
Roller-Smith ¢ 
Westinghouse F & 
Weston Elec. Ir { 


Ont. ( 
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at 
ROLLER 
SMITH 
TYPE CSO 


SPLIT CORE 
TRANSFORMER 


TES! SET 





BB With this test set the range of meas 
urement is from .5 amp. to 200 amps. 

WW The ammeter can be used separate 
from transformer, ranges 2.8 and 15 
amps. 

Mi Both PA and “Steel-Six” ammeters 
are available. PA scale 3 5/16” long: 
“Steel-‘Six” scale 53/16” long. 


Send for Catalog J-123-3 


OLLER-SMITH COMPAN 


[Elec trical Measuring and Protective Apparatus 


MAIN OFFICE al! TH WORKS 
2132 Woolworth Bidg., New York Bethlehem, Pa. 


SALES AGENCIES IN PRINCIPAL CITIES IN U.S.A. AND CANADA 

























The COLUMBIA BURNER Co. 
Toledo, Ohio 





For positive and unfailing 
automatic action at minimum 
cost you just cannot beat 
Chace Thermostatic Bimetal. 
The first cost is low, there 
is no up-keep or service 
expense and its life is of 
infinite duration. If your 
problem is one of controlling 
temperature or a matter of 
securing reliable automatic 
action as change in tempera- 
ture takes place, consult 
Chace engineers regarding 
the most suitable type of 


Bimetal for you to use. 


W.M.CHACE VALVE CO. 


1609 Beard Avenue - Detroit Mich 





A New Model . 
OUTPUT: 0 TO 270 VOLTS 
INPUT: EITHER 115 OR 230 VOLTS 





CONTINUOUSLY ADJUSTABLE: TRANSFORMER 


Rated Current: 2 Ampet 

Maximum Current Ampe 

For Instrument, Labs ti ind Indu 

Output Voltage Indep nai nt of Load 

~ one Val ition Linear vith ID 

Dial Calibrated in Outp Voltas 
Type 200-¢ MH \ ART AC ( istrated at left) « 
With case pluzw and cord witch and conver 


let: $21.50 


Xype 200-CUH VAREAC Cidentica th the 7 
MH except no ¢ " rir ’ , 
plie d): $18.50 


GENERAL RADIO COMPANY 


SO STATE ST, CAMBRIDGE A, MASSACHUSETTS 











CREEP TEST MICROMETER 





A Micrometer Slide with a 6” range has 
mounted on the carriage two microscopes 
about 50 mm. apart for measuring the dilata 
tion of specimens under temperature control. 


One microscope is fitted with a filar microm 
eter, the divided head of which reads to 
0.002 mm.; the range of the micrometer is 
about 0.39 mm. on the object. Full details are 
available on request. 


This is only one application of our very com 
plete line of precision length measuring in 
struments. Your inquiries are solicited. 





A. 
X GAERTNER } 


ts 


The Gaertner Scientific Corp. 


1211 Wrightwood Ave. : Chicago, U. S. A. 
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MILLIVOLTMETERS 
Bristol] Company 
Brown Instrument Co. 
General Electric Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
MIRRORS 
Bausch & Lomb Opt. Co. 
MODULATION METERS 
General Radio Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
MOISTURE METERS 
MOTION RECORDERS 
Mechanical 
Bristol Company 
Foxboro Co 
MOTOR-GENERATORS 
Holtzer-Cabot Elec. Go. 
Westinghouse E.& M.Co 


MOTO 
Special Fractional HP 
Hoitzer-Cabot Elec. Co. 
tinghouse E.& M.Co 
Synchronous 
sey *r-Cabot Eleo. Co. 
Vestinghouse E.& M.Co 
moron STARTERS 
P. Friez & Sons, Inc. 
Horta “r-Smith Ce. 
Ward Leonard Elec. Co. 
Westinghouse E.& M.Co 
MULTIMETERS 
Rawson Flec. Inst. Co. 
Shallcross Mfg. Co. 
MULTIPLE PEN 
RECORDERS 
Bristol Company 
Foxboro Co 
MULTIPLIERS 
General Electric Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
NOISE MEASURING 
SETS 


General Radio Co. 
Westinghouse E.& M.Co 
OHMMETERS 
General Electric Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
OIL TESTING 
APPARATUS 
J. P. Friez & Sons, Inc 
General Electric Co. 
Taylor Instrument Cos. 
Westinghouse E.& M.Co 
OPERATION RECORDERS 
J. P. Friez & Sons, Inc. 
Roller Smith Co. 
Electrical 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Roller-Smith Co. 
Taylor Instrument Cos. 
Thwing Instrument Co 
OPTICAL FILTERS 
Fish-Schurman Corp 
OPTICAL GLASS 
Fish-Schurman Corp 
OPTICAL PARTS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
ORIFICE METERS 
Indicating & Recording 
American Meter Co. 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co. 
Integrating 
American Meter Co. 
ORIFICES, ADJUSTABLE 
American Meter Co 
Bailey Meter Co. 
OSCILLATORS 
General Radio Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp 
OSCILLOGRAPHS 
General Electric Co. 
General Radio Co. 
Westinghouse E.& M.Co 
Automatic 
General Electric Co. 
Westinghouse E.& M.Co 
Cathode Ray 
General Electric Co 
General Radio Co 
Westinghouse E.& M.Co 
PANTOGRAPHS 
Gaertner Scientific Corp 
PERISCOPES 
Gaertner Scientific Corp 
PERMEAMETERS 
General Electric Co 
PHOTO-ELECTRIC CELLS 
General Electric Co. 
Kurman Electric Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp 
PHOTO-ELECTRIC 
COLOR ANALYZERS 
eral Electric Co. 
Thwing Instrument Co. 
Westinghouse E.& M.Co 


PHOTO-ELECTRIC 
COLOR COM- 
PARATORS 

Genera! Electric Co. 
Thwing Instrument Co 
Westinghouse E.& M.Co 

PHOTOGRAPHIC EXPOS- 

URE METERS 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 

PHOTOMETERS 

Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
PHOTO-MICROGRAPHIC 
EQUIPMENT 
Bausch & Lamb Opt. Co 
PITOT TUBE METERS 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co. 
J.P. Friez & Sons, Inc 
Pioneer Instrument Co 
PLANIMETERS 
Automatic Flow Record 
Brown Instrument Co 
Foxboro Co. 


near 
Brown Instrument Co 
adial 


Bailey Meter Co. 

Bristol Company 

Foxboro Co 
Square Root 

George Sidney Binckley 

Foxboro Co. 
POLARISCOPES 

Gaertner Scientific Corp 
POSITION RECORDERS 

Brown lustrument Co. 

Bristol Company 

Foxboro Co. 

Taylor Jastrument Cos. 
POTENTIOMETERS— 
Indicating 

Brown Instrument Co. 

General Electric Co. 

Thwing Instrument Co. 

Westinghouse E.& M.Co 
Recording & Controlling 

Brown Instrument Ce. 

Thwing Instrument Co. 
POWER FACTOR METERS 

General Electric Co. 

Roller-Smith Co. 

Westinghouse E.& M.Co. 

Weston Elec. Inst. Corp 
PRESSURE RECORDERS 

American Meter Co. 

Bailey Meter Co. 

George Sidney Binckley 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
PRISMS 

Gaertner Scientific Corp. 
PROCESS TIMING & 

SIGNALING IN- 
STRUMENTS 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 


PROVERS 
American Meter Co. 


PSYCHROMETERS 
Recording 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Sling 
Friez & Sons, Inc. 
Taylor Instrument Cos. 


PYROMETERS i 
Optical 


Pyrometer Instrument Co 
Radiation 

Indicating 

Brown Instrument Co. 

Pyrometer Instrument Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Recording 

Brown Instrument Co. 

Pyrometer Instrument Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 
Thermo-electrie 

immersion 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Pyrometer Instrument Co. 

Roller-Smith Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Wilbin Instrument Co. 

Indicating 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Wilbin Instrument Co. 

Recording and Controlling 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 

Thwing Instrument Co 

Wilbin Instrument Co. 

Surface Contact 

Bristol Company 


Brown Instrument Co. 
Pyrometer Instrument Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
PY ROMETER CALI- 
BRATING SETS 
Thwing Instrument Co. 
RADIATION TUBES 
Pyrometer Instrument Co. 
RADIO FREQUENCY 
OSCILLATORS 
General Radio Company 
RADIO SET ANALYZERS 
Weston Elec. Inst. Corp. 
RADIO TEST PANELS 
Shallcross Mfg. Co. 
Weston Elec. Inst. Corp 
RADIO TUBE CHECKERS 
Weston Elec. Inst. Corp. 
REGULATORS—See 
Controls 
RELAYS 
J. P. Friez & Sons, 
General Electric Co 
Kurman Electric Co. 
Roller-Smith Co 
Ward-Leonard Elec. Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
Light Sensitive 
Kurman Electric Co. 
Roller-Smith Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
REMOTE METERING 
EQUIPMENT 
American Meter Co. 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co. 
General Electric Co 
Pioneer Instrument Co 
Westinghouse E.& M.Co 
RESISTORS 
General Radio Co 
Roller-Smith Co 
Shallcross Mfg. Co 
Ward Leonard Elec. Co 
Westinghouse E.& M.Co 
RETICLES 
Fish-Schurman Corp. 
RHEOSTATS 
General Radio Company 
Ward Leonard Elec. Co. 
Westinghouse E.& M.Co. 
SACCHARIMETERS 
Taylor Instrument Cos. 
SCALES 
Gaertner Scientific Corp. 
Basis Weight 
Testing Machines, Inc. 
Thwing Instrument Co. 
Differential 
Thwing Instrument Co. 
SHUNT METERS 
Bristol Company 
Roller-Smith Co. 
SHUNTS 
General Electric Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
SIGNALING DEVICES— 
Automatic 
Bristol Co 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
SMOKE ALARMS 
Weston Elec. Inst. Corp. 
SPECIAL COILS 
Ward Leonard Elec. Co. 
SPECIAL ELECTRICAL 
INSTRUMENTS 
Bristol Company 
Brown Instrument Co. 
J. P. Friez & Sons, Inc. 
General Electric Co. 
General Radio Co 
Kurman Electric Co. 
Pioneer Instrument Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Shallcross Mfg. Co 
Thwing Instrument Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
SPECIAL INSTRUMENTS 
J. P. Friez & Sons, Inc. 
Roller-Smith Co. 
Thwing Instrument Co. 
SPECTROGRAPHS 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
SPECTROMETERS 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
SPECTROPHOTOMETERS 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
SPECTROSCOPES 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Bristol Company 
Brown Instrument Co. 
J. P. Friez & Sons, Inc. 
Thwing Instrument Co. 
SPEED REGULATORS 
Ward Leonard Elec. Co. 


Inc. 





PYROMETER 


CLAUD 8. GORDON 





FOR 


TUBES 


CO., Chicago-Cleveland-Indianapolis 


X-RAY INSPECTED 


BEST RESULTS 
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STANDARD CELLS 
Weston Elec. Inst. 
STRAIN GAGES 
General Electric Co. 
STROBOSCOPES 
General Radio Co. 
Westinghouse E.& M.Co. 
SUNSHINE RECORDERS 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
SURGE INDICATORS & 
RECORDERS 
General Electric Co. 
Westinghouse E.& M.Co. 
SYNCHRONOSCOPES 
Roller-Smith Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
SYNCHRONIZATION 
FORKS 
Electrical 
General Radio Co 
SYNCHRONOUS MOTORS 
General Electric Co. 
Pioneer Instrument Co 
Westinghouse E.& M.Co. 
TACHOMETERS 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Pioneer Instrument Co. 
Rolier-Smith Co. 
Thwing Instrument Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
TACHOSCOPES 
Brown Instrument Co 
TELEMETERS—See 
Remote Metering 
TELESCOPES 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
TENSOMETER (Huggen- 
burger) 


TESTING MACHINES 
Testing Machines, Inc. 
Thwing Instrument Co. 

Bending 
Testing Machines, Inc. 

Hardness 
Testing Machines, Inc. 

Impact 
Testing Machines, Inc. 

Impact (very light load) 
Testing Machines, Inc. 
Thwing Instrument Co. 

Magnetic 
Kurman Electric Co. 

Paper 
Testing Machines, Inc. 
Thwing Instrument Co. 
Westinghouse E. & M.Co. 

Penetration 
Thwing Instrument Co. 

Stiffness & Bending 
Testing Machines, Inc. 
Thwing Instrument Co. 

Stretch 
Testing Machines, Inc. 
Thwing Instrument Co. 

Tearing 
Testing Machines, Inc 
Thwing Instrument Co. 

Tensile (very light load) 
Testing Machines, Inc. 
Thwing Instrument Co. 

Universal 
Testing Machines, Inc. 

THERMIONIC RECTI- 

FIERS 
General Electric Co 
Westinghouse E.& M.C 
THERMO-JUNCTIONS 
(Electric) 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Wilbin Instrument Co. 
THERMO- —_— 
AMMETERS 
General Hain Company 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst 


THERMOMETERS 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc. 

Gas Filled 
Foxboro Co. 

Taylor Instrument Cos. 

Mechanical 
Brown Instrument Co. 
Foxboro Co. 

Mercurial 
Bristol Company 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 

Resistance 
Brown Instrument Co. 
Foxbore Co. 

Thwing Instrument Co. 

Vapor-Tension 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos. 

Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Thwing Instrument Co. 


THERMOSTATS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 


Corp. 


Corp 


THERMOSTATIC 
BIMETAL 
W. M. Chace Valve Co 


TIME METERS 
General Electric Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp 


TIME OPERATION 
RECORDERS 
Bristol contend 
Foxboro Co 
J. P. Friez & Sons, Inc 


TIME RECORDERS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Gaertner Scientific Corp. 


TIME SWITCHES 
Genera! Electric Co. 


Westinghouse E.& M.Co 
TIMERS 
Rawson Elec. Inst. Co 


TIMING DEVICES 
General Electric Co. 
TOTALIZING 
INSTRUMENTS 
American Meter Co. 
General Electric Co 
Westinghouse E.& M.Co 
TOTALIZING RELAYS 
Electric 
Jeneral Electric Co. 
TRANSFORMATION 
POINT RECORDERS 
Brown Instrument Co. 
TRANSFORMERS 
(Instrument) 
General Electric Co. 
General Radio Co 
Roller-Smith Co. 


Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
TRANSITS 
Pocket 


Taylor Instrument Cos. 


TUNING FORKS— 
Electrically Driven 
Gaertner Scientific Corp. 
General Electric Co. 
General Radio Co. 
TURBIDIMETERS 
Bausch & Lomb Opt. Co. 
U-TUBE MANOMETERS 
Bailey Meter Co. 
Brown Instrument Co. 
Taylor Instrument Cos. 
VACUUM RECORDERS 
Bailey Meter Co. 
George Sidney Binckley 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 


VACUUM TUBE BRIDGES 
General Radio Company 
VACUUM TUBE RELAYS 

VACUUM TUBE 
VOLTMETERS 
General Electric Co. 

General Radio Co. 
Rawson Elec. Inst. Co. 


VALVES 
Automatic Shut-Off 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Back Pressure 
American Meter Co. 
Balanced 
Bailey Meter Co 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos. 
Blow-off 
American Meter Co. 







Diaphragm 
Bristol Com; 
Foxboro Co 
Taylor Instrur 

Differential 
American Met 

Electrically Opera‘ eg 
Bristol Compa 
Brown Instrur ( 
J. P. Friez & 
General Elect 
Taylor Instrur ( 
Wilbin Instr 

Motor Operated 
Bristol Co 
J. P. Friez & 8, lr 
Wilbin Instrur t Ce 

Pressure Relief 
American Meter 

Proportional Air-Gas 
American Met 

Reducing 
Bailey Meter ( 
Taylor Instrun 

Regulating 
American Met 
Bailey Meter ( 
Bristol Co 
Brown Instrument ( 
Foxboro Co 
J. P. Friez & Sons, Ir 
Taylor Instrun § 
Wilbin Instrument Co 

VENTURI METERS 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument ( 
Foxboro Co 
Pioneer Instrument C 

VISCOSIMETERS 
George Sidney Binckley 
J. P. Friez & Sons, In 
Taylor Instrument Cos 

VOLTAGE DIVIDERS 
General Radio (« 
Ward Leonard Elec. ( 

VOLT-AMMETERS 
General Electric C 
Roller-Smith Co 





Westinghouse E.& M 

Weston Elec Inst. Cor 
VOLTMETERS 
Electrostatic 


General Electric Co 
Rawson Elec. Inst. ( 
Rolier-Smith Co 
Westinghouse E.& M 
Indicating 
General Electric Co 
General Radio C 
Rawson Elec. Inst. ( 
Roller-Smith Co 
Westinghouse E.& \ 
Weston Elec. Inst. Corp 
Recording 
Bristol Company 
General Electric Co 
Roller-Smith (© 
Westinghouse F.& M 
Thermionic Rectifier 
General Radio | 
WATER METERS 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument ( 
Foxboro Co 
WATTHOUR METERS 
General E lec “9 C 
Westinghouse 
WATTMETERS. 
Indicating 
General Electric ( 
Rawson Elec. Inst. ( 
Roller-Smith ¢ 
Westinghouse F.& 
Weston Elec. Inst. Cor 
Recording 
Bristol Company 
General Electric ( 
Roller-Smith Co 
Westinghouse Eb. & 
WAVEMETERS 
General Radio Co 
X-RAY SPECTROMETER! 
Bausch & Lomb Opt. ‘ 
Gaertner Scientific Cor 


ADVERTISERS’ INDEX 


American Askania Corp. 
American Meter Co. 
Ames Co., B. C. . 
Bailey Meter Co. 
Bakelite Corp. 
Binckley, George Sydney” 
Bristol Co., The 
Brown fastremont Co. 
Chace Valve Co. ..... 
Driver Co., Wilbur B. 
Exact Weight Scale Co. 
Fish-Schurman Corp. 
Foxboro Co., The 
Friez & Sons, Inc., 
Gaertner Scientific Corp. 
General Electric Co. 
General Radio Co. 
Gordon Co., Claud S. 


Heise Bourdon Tube Laboratories 


Outside Back Cov 


Inside F 


Hickok Electrical Instrument Co. 


Illinois Testing Laboratories, 
Instruments Pubfishing Co. 


Kurman Electric Co. 
Littelfuse Laboratories 
Pioneer Instrument Co. 


Pyrometer Instrument Co. ; 
Instrument Co. 
Review of Scientific Instruments \ 


Rawson Electrical 


Roller-Smith Co. 


Inc. 
Insi Back U0" 


Shalleross Manufacturing Co. . A; 


Taylor 
Testing Machines, Ine. 
Thwing Instrument Co. 


Instrument Companies 


Trofimov School of Inventive Practice “e 
Westinghouse Elec. & Mfg. Co. 


Worley Jewel Co., John 
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Heavy Duty Relays 
Bulletin No. 131 


Sensitive Relays 
Bulletin No. 251 





Midget Magnetic Relays 
Bulletin No. 106 


you 
Should Know 


Because Ward Leonard produces relays for the most 

sensitive photo electric controls, for the many intermedi- 
sate services and for really heavy duty work, they are in 
»position to impartially recommend relays based upon your 
requirements rather than from availability of designs. All 
“Ward Leonard relays are dependable and include the 
latest features of proven merit. You want to know more 
‘about them. 


WARD LEONARD 
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BARD LEONARD ELECTRIC CO. 
8 South St., Mount Vernon, N. Y 
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50 mg. Visible sensitivity 
... approaches the analytical 
balance in accuracy yet weighs 


WITH PHENOMENAL SPEED 


This little Exact Weight Scale is particularly 
useful around the laboratory. .. . Saves valuable 
time on hundreds of operations. Write for our 
list of enthusiastic users. 

Ask us about 


EXACT 
WEIGHT 


Laboratory Scales 
The 
EXACT WEIGHT SCALE 
Company 
2904 W. 5TH AVENUE 
COLUMBUS, OHIO 


"THERE IS NO SUBSTITUTE FOR EXACT WEIGHT” 














SAFE 
SIMPLE 
ACCURATE 
DEPENDABLE 


LITERATURE SENT ON REQUEST 


STEEL ALL OTHER 
and Allied Industries APPLICATIONS 
H. A. BRASSERT AMERICAN 


& CO. ASKANIA CORP. 


CHICAGO 
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PRESSURE GAUGES of 
EXTREME PRECISION 








a 


5 





You can now obtain HEISE Bourdon Tube Pressure Indicators or 
Gauges made by the makers of those used on the famous Southwark- 
Emery Testing Machines. The first gauge used on these machines was 
designed by Otto W. Heise, who also designed the present improved 
indicator 

For extreme accuracy these gauges may be certified or calibrated at 
the laboratory of the A. H. Emery Co. They may be fitted with a 
rotating dial as supplied by the A. H. Emery Co 

If you must read pressures accurately, write us for details. We make 
gauges only for laboratory and test work where accuracy and reliability 
come first 


HEISE BOURDON TUBE LABORATORIES 
275 NOBLE AVENUE BRIDGEPORT, CONN. 























WILBUR B. DRIVER CO. 


( formerly ) 
GILBY WIRE Co. 
NEWARK, N. J. 


Solicits Inquiries for 


““CUPRON”’ 


(CONSTANTAN TYPE) 


THERMOCOUPLE 
WIRE 


HIS wire is held to the strict 

calibration of standards now in 
use. 
Where iron leg of couple is off 
the standard curve “CUPRON” 
can be matched to produce the 
millivolt values of standard 
curves. 
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eece0 Watch for the first 


Directory of Instruments 


and Devices for measurement, inspection and control 


HIS directory will be published as a supplement to the June 1935 


| issue of Instruments. 
It is planned to divide this Instrument Directory into three parts: 


Section 1. Instruments and Apparatus 





In this section will be listed instruments and devices used for measurement, 
inspection, testing and automatic control. Under each heading will be put 
the names of the companies who make and sell it. Anyone who wants to 
know where he can buy or secure information on a certain product can turn 
to this section, find the product properly indexed and cross-indexed, sec 


under it the names of the manufacturers who make it. 


Section 2. Trade Names 


In this section can be found the trade name of the product in its proper 


alphabetical place, with the product it designates and the name of its manu- 
facturer. 


Section 3. Manufacturers’ Names and Addresses 


Here will be listed all manufacturers included in the directory with com- 


plete addresses. 





A questionnaire is being sent by the Instruments Publishing Co. to all 
manufacturers of instruments and kindred devices. It is urged that each 
company fill out the questionnaire and return it to us as soon as possible 


before May Ist. Co-operate with us to make this directory complete. 


There is a definite need for a compact key through the entire line of instru- 


ments and devices for measurement, inspection and control. Nothing of the 








sort has ever been compiled before. 


-INSTRUMEN TS PUBLISHING COMPANY 


PITTSBURGH, PENNSYLVANIA 























“YOU BET 





our quality 1S uniform al 


Yes,—plant executives are reporting 
that Bristol’s Automatic Process 
Control keeps product quality uni- 
form. Each day’s output is like an- 
other’s. Rejects, re-runs and seconds 
are drastically decreased, often 
abolished. 

Think what this means in the way 
of lower costs, customer satisfaction, 
and profits! 


Bristol’s Process Control is both a 


THE BRISTOL 


Branch Offices: Akron, Birmingham, Boston, 


Canada: The Bristol 


COMPANY! YWA 


nada, Ltd., 


Company of Ca 


means and a method,—both equip- 
ment and engineering. As the for- 
mer it consists of controllers and re- 
corders for regulating process con- 
ditions such as pressure, temperature 
and flow,—instruments that have 
been developed and perfected and 
now are supplied in standardized 
units whose cost is trifling in com- 
parison with the ultimate savings 
effected. 


TRA [| MARK 


As an engineered method or system 
Bristol’s Control is prescribed only 
after a thorough examination or 
diagnosis. It is coordinated into 
plant activities by Bristol’s Industry 
Specialists who, in working out the 
engineering details, never loose sight 
of the fundamental economics. 


A request for a preliminary discussion 
entails no obligation—yet may open up 
new opportunities you may have over 
looked. Write. 


TERBURYcwSCONNECTICUT 


Chicago, Detroit, Los Angeles, New York, Philadelphia, Pittsburgh, St. Louis, San | 
Toronto, Ont. England: Bristol’s Instrument Co., Limited, London, S. E, 14 
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